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Qare'a  "  ConipeiulJiiiD,*^  P^gc  xvj^ 

nMum  defines  Cbeniwuy  lo  be    "  tbe  ccience  wUch  tresis  of  those    I 
BTonts  or  chafiges  in  □ainral  bodies,  which  ve  not  Bccompanial  with  fieoHibla  J 


Henry  conceives  that  "  ii  may  be  defined,  ihe  Bcience  which  ii 
tbe  eomponiion  of  maierisl  BubsluiccB,  and  the  permanent  changes  of  con- 
■titution,  which  Iheh  malnal  acoona  produce." 

According  lo  Murray,  "it  is  ihe  science  which  inTestigales  the  combina-    . 
tioDi  of  nialter.  and  the  laws  of  those  general  forces  by  which  these  combi- 
Daliona  are  ealablisbed  and  subverted." 

Brandt  alleges  "  ibal  it  is  the  object  of  Chemistry  lo  inTesligale  all  Ibe 
changes  in  the  conslilulion  of  matter,  whether  effected  by  heal,  miitnre,  or 

According  to  Urt,  "  Chemistry  may  be  defined  that  ^ience,  the  object 
of  which  is  to  discover  and  explain  the  changes  of  compoeiiion  that  occur 
among  the  integrant  and  coosiiruent  parts  of  different  bodies," 

The  definition  given  by  Beneliue,  is  as  follows:  —  ■' Cbemiairy  is  the 
•cisnce  which  makes  known  the  composilion  of  bodies,  and  the  maimer  in 
which  Ihoy  comport  with  each  oilier." 

The  following  is  from  J.  BiKRirr,  M.  D.,  of  HiddlBlown,  Cl. : 

"  Chemistry  is  the  science  which  unfolds  compound  bodies,  and  makes 
Inown  10  ua  ihe  Uws  that  combine  and  regulate  the  various  fonns  of  matter, 
and  their  nature  and  propeniea.  In  oiher  wards,  it  is  ibe  Bcience  of  doconi- 
po«lion  and  roeomposilion  of  elementary  substances,  in  the  operations  of 
nature  or  of  the  laboratory,  by  the  agency  of  Diffinily,  light,  beat,  and 
eleciriciiy." 


EXTRACT  FROM  THE 

ADVERTISEMENT  TO  THE  FIRST  ED 


riTON. 


Tm  proparation  of  the  following'  pages  was  undertaken  by  the  advice  of 
the  late  lamented  President  of  the  Wesleyan  University,  with  the  primary 
design  of  providing  a  suitable  Text  Book  on  Chemistry,  for  the  use  of  the 
tnnaal  classes  in  that  institution. 

There  are  indeed  already  before  the  public  many  excellent  works  on  this 
branch  of  science,  the  great  merits  of  which  the  subscriber  is  happy  to 
acknowledge  ;  but  he  long  since  became  convinced,  from  his  experience  in 
teaching,  of  the  need  of  a  work  of  a  little  different  character,  for  the  special 
use  of  students  in  our  higher  seminaries  of  learning,  as  a  text-book.    The 
(Aject  of  a  great  majority  of  students,  even  of  those  who  pursue  a  coUegiate 
course,  b,  not  to  make  themselves  familiar  with  minute  details  of  facts  or 
processes  of  manipulation,  but  to  understand  the  great  principles  of  the 
science,  and  the  leading  facts  which  serve  for  its  foundation.     To  fecilitate 
in  the  accomplishment  of  this  purpose  is  the  object  of  the  present  work.     In 
preparing  it,  the  excellent  **  Elements  of  Chemistry'*  of  the  late  Dr.  Turner 
has  been  adopted- as  the  basis,  and  all  of  that  work  incorporated  in  it  which 
was  suited  to  our  purpose.     His  arrangement  has  been  uniformly  followed, 
with  a  few  unimportant  exceptions,  which  it  is  not  necessary  here  to  par- 
ticularize.   This  arrangement,  on  the  whole,  is  considered  tlie  best  that  has 
ever  been  proposed. 

The  part  of  Dr.  Turner's  work  omitted  is  taken  up  chiefly  with  details 
of  facts  and  discussions  of  opinions  and  theories,  which  is  indeed  important 
in  a  work  designed  for  the  general  student,  but  which  would  be  out  of 
place  in  a  book  prepared  expressly  to  be  used  as  a  text-book.  Its  place, 
however,  has  been  in  part  supplied  by  matter  compiled  from  various  other 
sources,  so  that  the  work  is  thought  to  be  sufficiently  large  for  the  ordinary 
use  of  students,  as  the  study  of  this  science  is  usually  pursued  in  this 
country.  It  has  constantly  been  an  object,  while  the  work  should  be  true 
to  the  science,  and  present  in  true  proportion  all  its  important  features,  to 
make  it  at  the  same  time  as  practical  as  possible ;  to  lead  the  student  to 
apply  the  principles  he  learns  to  the  solution  of  natural  phenomena,  or  pro- 
cesses he  may  witness  in  the  arts. 

1*  (5) 


ADVERTISEMENT 
TO   THE   SECOND   EDITION. 

In  the  present  edition  the  work  has  been  carefully  revised,  and  indeed 
re>cofli piled  from  the  seventh  edition  of  Tumer^s,  and  many  additions  made 
to  adapt  it  to  the  advancing  state  of  the  science.  The  chief  alteration, 
however,  that  has  been  made  in  the  part  on  Inorganic  Chemistry,  consists 
in  the  transfer  of  the  section  on  Crystalography  from  the  chapter  on  salts 
to  that  on  chemical  combinations.  The  reasons  for  the  change  it  is 
believed  will  be  obvious. 

Tha.  third  part  on  Organic  Chemistry  has  been  entirely  re-modcled ; 
and  it  is  hoped  will  be  found  much  better  adapted  for  the  purposes  of 
instruction,  in  the  present  advanced  state  of  this  highly  interesting  and 
important  branch  of  the  science.  The  new  matter  introduced  has  been 
compiled  entirely  from  the  last  edition  of  Turner's  work,  edited  by  Liebig 
and  Gregory,  Thomson's  Chemistry  of  Organic  Bodies,  and  the  recent 
work  of  Kane. 

f  The  extracts  from  other  authors  are  always  introduced  in  their  own  lan- 
guage, except  in  cases  where  it  was  necessary  to  make  some  little  change 
to  incorporate  the  extract  the  better  with  the  passage  with  which  it  comes 
in  connection.  In  a  few  instances  the  names  of  authors  are  introduced  in 
the  text  To  avoid  the  necessity  of  constantly  introducing  quotation  marks 
|ind  references,  a  list  of  the  authors  which  have  been  used  will  be  given  at 
the  close  of  this  advertisement.  The  compilation,  however,  has  been  chiefly 
made  from  the  eleven  first. mentioned,  the  others  having  been  referred  to, 
with  a  few  exceptions,  only  for  facts  or  principles. 

To  facilitate  in  the  acquisition  of  the  science,  the  text  is  divided  into 
paragraphs,  and  numbered ;  and  references  to  important  facts  and  principles 
introduced  as  frequently  as  they  seemed  necessary.  As  in  many  institu- 
tions  so  much  time  cannot  be  devoted  to  this  science  as  would  be  requisite 
for  a  thorough  study  of  the  whole  work,  the  less  important  parts  have  been 
printed  in  smaller  type,  which  may  be  omitted  on  the  first  reading.  The 
intelligent  student,  however,  it  is  hoped,  will  not  be  satisfied  without  a 
perusal,  at  his  hours  of  leisure,  of  the  whole  work. 

To  adapt  the  work  for  the  use  of  the  younger  class  of  learners,  a  series 

of  questions  to  the  first  three  parts  has  been  prepared,  which,  however,  is 

designed  to  be  bound  in  a  pamphlet  separate  from  the  body  of  the  work 

itself. 
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ADVERTISEHENT  TO   SECOND  EDUIOIV.  vil 

A  few  pages  only  on  Analytical  Chemistry  have  been  introdaccd,  merely 
to  illustrate  the  design  and  nature  of  this  branch  of  the  science. 

It  only  remains  for  the  compiler  to  acknowledge  his  obligations  to  seve- 
ral kind  friends,  who  have  favored  him  with  important  suggestions,  that 
have  contributed  considerably,  it  is  believed,  to  the  improvement  of  the 
work. 

J.  J. 

WxsLETAN  Universitt,  MiddUtoum^  Ct^  Sept.  19, 1842. 
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INTRODUCTION 


The  science  of  nature,  or  general  physics,  according  to  the 
different  points  of  view  under  which  we  contemplate  natural 
bodies  and  the  phenomena  which  they  present,  is  divided  into 
three  great  branches, — ^Natural  History,  Natural  Philosophy, 
and  Chemistry. 

The  first  of  these  branches,  which  alone  comprehends  three 
distinct  sciences,  mineralogy,  zoology,  and  botany,  has  for  its 
object  to  describe  and  classify  the  different  organic  and  inor- 
ganic substances.  • 

Natural  Philosophy  treats  of  the  generU  and  permanent  pro- 
perties of  bodies,  of  the  laws  which  govern  them,  and  the  re- 
ciprocal action  which  these  bodies  are  capable  of  exerting 
upon  each  other  at  greater  or  less  distances,  without  changing 
their  nature. 

Chemistry  includes  the  study  of  all  those  phenomena  which 
depend  upon  an  intimate  action  of  the  ultimate  atoms  of  bodies 
of  different  kinds  upon  each  other — an  action  which  takes 
place  only  at  infinitely  small  distances,  and  which  always  re- 
sults in  the  production  of  bodies  possessing  new  properties. 

Chemistry  may  therefore  be  defined,  the  science,  the  object 
of  which  is  to  determine  the  action  which  the  ultimate  particles 
of  matter  exert  upon  each  other. 

We  understand  by  the  action  of  the  ultimate  atoms  of  mat- 
ter, the  effect  of  a  cause  which  is  unknown  to  us,  but  which 
tends  to  unite  the  particles  of  one  body  to  those  of  another, 
or  to  separate  these  particles  in  order  to  combine  them  with 
those  of  other  bodies  either  in  another  order  or  in  other  pro- 
portions. 

This  force,  the  cause  of  which  is  entirely  unknown,  but 
whose  effects  are  so  sensible,  forms  the  foundation  of  the 
science  of  chemistry,  and  has  been  called  molecular  attraction, 
because  it  is  exerted  only  among  the  ultimate  atoms  or  mole- 
cules of  bodies. 

The  name  atom  or  molecule  has  been  given  to  the  smallest 
or  ultimate  particles  of  bodies,  which  are  so  minute  that  they 
entirely  escape  our  senses.  They  are  divided  into  two  kinds, 
integral  particles  or  atoms  and  constituent  atoms. 

The  first  are  those,  a  collection  of  which  forms  the  body  to 
which  they  belong,  and  all  of  which  are  like  the  mass  from 
which  they  are  taken.    Thus,  if  we  conceive  a  stick  oi  sxA^YwkX 
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reduced  to  a  very  fine  powder,  each  smeill  particle  thus  pro- 
duced will  be  exactly  like  the  whole  mass ;  it  is  yellow,  brittle, 
combustible,  and,  in  a  word,  possesses  all  the  properties  which 
characterize  the  mass.  These  particles,  which  are  always 
like  the  mass  from  which  they  were  taken,  are  called  integrant 
particles. 

We  give  the  name  constituent  particles  to  those  which,  by 
their  union,  form  the  integrant  particles  of  bodies.  Thus,  in 
sulphuret  of  iron,  a  body  composed  of  sulphur  and  iron,  the 
particles  of  the  two  simple  bodies,  sulphur  and  iron,  are  the 
constituent  atoms  or  particles  of  the  compound;  and  if  this 
sulphuret  of  iron  be  reduced  to  powder,  each  particle  of  the 
powder  composed  of  sulphur  and  iron  would  be  an  integrant 
particle. 

From  these  definitions  it  will  be  seen  that  any  body  never 
has  but  one  kind  of  integrant  particles,  but  that  it  may  have 
many  kinds  of  constituent  particles.  Indeed,  a  body  must 
always  have  as  many  kinds  of  constituent  particles  as  there 
are  different  principles  entering  into  its  composition. 

The  various  bodies  which  compose  the  matter  of  our  globe 
are  divided  into  simple  and  compound. 

The  simple  bodies,  of  which  only  fifliy-five  are  as  yet  known, 
have  never  been  decomposed  or  separated  into  more  simple 
elements ;  they  are  therefore  supposed  to  contain  only  one  kind 
of  particles. 

Compound  bodies  are  produced  by  the  union  of  the  particles 
of  two  or  more  simple  bodies. 

The  particles  of  bodies,  whether  simple  or  compound,  do  not 
seem  to  be  in  actual  contact,  but  are  held  in  their  places  by 
two  forces  of  attraction  and  repulsion  acting  in  opposition  to 
each  other ;  hence  the  same  body  may  occupy  more  space  at 
some  times  than  at  others,  that  is,  it  may  be  expanded  and  con- 
tracted. The  form  which  tends  to  bring  the  particles  in  con- 
tact is  called  cohesion ;  and  is  always  exerted  between  particles 
of  the  same  kind,  and  only  at  insensible  distances,  or  apparent 
contact. 

Repulsion  is  supposed  to  be  occasioned  solely  by  heat,  which, 
by  being  interposed  between  the  particles  of  bodies,  prevents 
their  contact.  The  greater  the  quantity  of  heat  present,  the 
farther  will  the  particles  of  the  body  be  removed  from  each 
other,  and  of  course  the  greater  will  be  its  bulk  or  volume ; 
and  the  colder  the  body  is,  the  more  nearly  will  they  approxi- 
mate. 

Matter  is  also  subject  to  another  kind  of  attraction,  called 
chemicnl  attraction  or  affinity.  Like  cohesion  it  acts  only  at 
insensible  distances,  but,  unlike  that  force,  it  Is  exerted  between 
particles  of  different  kinds.  It  will  be  seen,  therefore,  that 
affinity  unites  the  constituent  particles  or  atoms  of  bodies, 
while  cohesion  is  exerted  only  between  the  integrant  particles. 
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The  separation  of  the  constituent  particles  of  a  substance  is 
called  its  decomposition. 

Matter  is  indestructible ;  that  is,  it  cannot  be  made  to  cease 
to  exist.  This  statement  seems  at  first  view  contrary  to  fact. 
Water  and  other  volatile  substances  are  dissipated  by  heat ; 
and  coals  and  wood  are  consumed  in  the  fire  and  disappear. 
But  in  these  and  other  similar  phenomena,  not  a  particle  of 
matter  is  annihilated,  but  the  apparent  destruction  is  owing 
merely  to  a  change  of  form  or  of  composition.  The  power  of 
the  chemist  is,  therefore,  limited  to  the  production  of  these 
changes. 

The  composition  of  a  body  may  be  determined  in  two  ways, 
analytically  or  synthetically.  By  analysis,  the  elements  of  a 
compound  are  separated  from  one  another,  as  when  water  is 
resolved  by  the  agency  of  galvanism  into  oxygen  and  hy- 
drogen; by  synthesis  they  are  made  to  combine,  as  when 
oxygen  and  hydrogen  unite  by  the  electric  spark,  and  generate 
a  portion  of  water.  Each  of  these  kinds  of  proof  is  satisfac- 
tory ;  but  when  they  are  conjoined  —  when  we  first  resolve  a 
particle  of  water  into  its  elements,  and  then  reproduce  it  by 
causing  them  to  unite — the  evidence  is  in  the  highest  degree 
conclusive. 

The  arrangement  adopted  in  this  work  is  very  nearly  the 
same  as  that  of  Dr.  Turner ;  the  most  important  change  that 
has  been  made,  consists  in  the  transfer  of  the  remarks  on  Crys- 
talography  from  the  chapter  on  Salts  to  that  on  Chemical  Com- 
binations. The  reasons  for  the  change,  it  is  believed,  will  be 
obvious  to  every  one  acquainted  with  the  science.  The  work 
is  divided  into  four  principal  parts.  The  first  comprehends  an 
account  of  the  nature  and  properties  of  Heat,  Light,  and  Elec- 
tricity— agents  so  diffusive  and  subtile,  that  the  common  attri- 
butes of  matter  cannot  be  perceived  in  them.  They  are  alto- 
gether destitute  of  weight ;  at  least,  if  they  possess  any,  it 
cannot  be  discovered  by  our  most  delicate  balances,  and  hence 
they  have  received  the  appellation  of  Imponderables.  They 
cannot  be  confined  and  exhibited  in  a  mass  like  ordinary 
bodies ;  they  can  be  collected  only  through  the  intervention  of 
other  substances.  Their  title  to  be  considered  material  is, 
therefore,  questionable,  and  the  effects  produced  by  them  have 
accordingly  been  attributed  to  certain  motions  or  affections  of 
common  matter.  It  must  be  admitted,  however,  that  they 
appear  to  be  subject  to  the  same  powers  that  act  on  matter  in 
general,  and  that  some  of  the  laws  which  have  been  deter- 
mined concerning  them  are  exactly  such  as  might  have  been 
anticipated  on  the  supposition  of  their  materiality.  It  hence 
follows  that  we  need  only  regard  them  as  subtile  species  of 
matter,  in  order  that  the  phenomena  to  which  they  give  rise 
may  be  explained  in  the  language,  and  according  to  the  prin- 
ciples, which  are  applied  to  material  substances  in  general. 
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The  second  part  comprises  Inorganic  Chemistry,  It  includes 
the  doctrine  of  afl5nity,  tiielaws  of  combination  and  crystaliza- 
tion,  together  with  the  chemical  history  of  all  the  elementary 
principle^hitherto  discovered,  and  of  those  compound  bodies 
which  are  not  the  product  of  organization. 

Elementary  bodies  are  divided  into  the  non-metallic  and 
metallic;  and  the  substances  contained  in  each  division  are 
treated  in  the  order  which,  it  is  conceived,  will  be  most  conve- 
nient for  the  purposes  of  teaching.  From  the  important  part 
which  oxygen  plays  in  the  economy  of  nature,  it  is  necessary 
to  begin  with  the  description  of  that  principle ;  and  from  the 
tendency  it  has  to  unite  with  other  bodies,  as  well  as  the  im- 
portance of  the  compounds  it  forms  with  them,  it  will  be  usejful, 
in  studying  the  history  of  each  elementary  body,  to  describe 
the  combinations  into  which  it  enters  with  oxygen  gas,  and 
then  the  compounds  it  forms  with  the  other  simple  non-metal- 
lic elements  which  have  previously  been  described,  as  far  as  is 
consistent  with  the  design  of  the  book. 

The  description  of  the  individual  metals  will  be  accompanied 
by  a  history  of  their  combinations,  first  with  each  other,  and 
then  with  the  simple  non-metallic  elements.  The  last  division 
of  this  part  will  comprise  a  history  of  the  salts. 

The  third  general  division  of  the  work  is  Organic  Chemistry^ 
a  subject  which  will  be  conveniently  discussed  under  two 
heads,  the  one  comprehending  the  products  of  vegetable,  the 
other  of  animal  life. 

The  fourth  part,  which  will  be  inserted  if  the  size  of  the  book 
does  not  become  too  great,  will  contain  brief  directions  for  the 
performance  of  ^na/y*c«. 
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IMPONDERABLE    SUBSTANCES. 


CHAPTER    I. 
HEAT,   OE   CALORIC. 


1.  No  scDsatioDS  are  more  familiar  than  those  of  heat  and 
cold.  The  same  bodf  is  capable  of  producing  every  variety 
Of  these  sensations,  from  intense  heat  to  intense  cold,  without 
having  its  properties  permanently  changed)  and  it  is  hence 
inferred  that  they  are  not  caused  by  the  matter  of  the  body 
itself  but  by  some  other  power  or  principle  occasionally  present 
in  diSerent  quantities. 

Whether  heat  be  really  a  material  substance,  is  not  known ; 
but  in  describing  its  effects,  it  is  usual  to  speak  of  it  as  aq 
exceedingly  subtile  fluid,  the  particles  of  which  repel  each 
other,  but  are  attracted  by  all  other  substances. 

2.  The  term  Ileal,  however,  in  common  language,  has  two 
meanings :  in  the  one  case,  it  implies  the  sensation  experier  ~  ~ ' 
on  touching  a  hot  body ;  in  the  other,  it  expresses  the  caus 
that  sensation.  When  used  in  the  latter  sense,  It  is  synony- 
mous with  the  word  Caloric,  (from  Calor,  heat,)  which  is  em-, 
ployed  exclusively  to  signify  the  cause  or  agent  by  which  all 
the  effects  of  heat  are  produced.  But  in  practice  the  distinct 
Hon  is  not  usually  very  rigidly  observed.  i 

3.  Heat  is  imponderable:  that  is,  it  is  so  exceedingly  light 
that  a  body  undergoes  no  appreciable  change  of  weight,  either 
by  the  addition  or  abstraction  of  heat.  It  is  present  in  all 
bodies,  and  cannot  be  wholly  separated  from  them.  For  if  a 
substance,  however  cold,  be  transferred  into  an  atmosphere 
which  is  still  colder,  a  thermometer  placed  in  the  body  will 
indicate  the  escape  of  heat.     That  its  particles  repel  one  J 
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another  is  proved  by  observinff  that  it  flies  off  from  a  heated 
body ;  and  that  it  is  attracted  oy  other  substances,  is  inferred 
from  the  tendency  it  has  to  penetrate  their  particles,  and  to  be 
retained  by  them. 

4.  Heat  may  be  transferred  from  one  body  to  another.  Thus, 
if  a  cup  of  mercury  at  60°  be  plunged  into  hot  water,  heat 
passes  rapidly  from  one  into  the  other,  until  the  temperature 
in  both  is  the  same ;  that  is,  till  a  thermometer  placed  in  each 
stands  at  the  same  height.  All  bodies  on  the  earth  are  con- 
stantly tending  to  attain  an  equality,  or  what  is  technically 
called,  an  equiabrium^  of  temperature.  If,  for  example,  a  num- 
ber of  substances  of  different  temperatures  be  enclosed  in  an 
apartment,  in  which  there  is  no  actual  source  of  heat,  they 
will  soon  acquire  an  equilibrium,  so  that  a  thermometer  will 
stand  at  the  same  point  in  all  of  them.  Our  varying  sensa- 
tions of  heat  and  cold  are  owing  to  a  like  cause.  On  touching 
a  hot  body,  heat  passes  from  it  into  the  hand,  and  excites  the 
feeling  of  warmth ;  when  we  touch  a  cold  body,  heat  is  com- 
municated to  it  from  the  hand,  and  thus  arises  the  sensation  of 
cold. 

5.  Heat  is  communicated  from  a  hot  body  to  others  which 
are  colder  in  two  ways,  by  direct  contact,  and  by  radiation. 
By  direct  contact,  when  the  hot  body  touches  a  cold  one,  so 
that  the  heat  may  pass  directly  from  one  into  the  other,  as 
when  a  bar  of  iron  is  put  into  a  fire,  or  the  hand  plunged  into 
hot  water.  By  radiation,  when  the  heat  leaps  as  it  were  from 
a  hot  to  a  cold  body  through  an  appreciable  interval ;  as  when 
a  red-hot  ball  suspended  in  the  vacuum  of  an  air-pump  distri- 
butes its  heat  to  surrounding  objects,  or  as  when  we  are 
warmed  by  standing  at  some  distance  before  a  fire.  In  study- 
ing these  phenomena,  we  must  regard  both  the  loss  of  heat  in 
the  hot  body,  and  the  gain  of  heat  in  the  cold  one. 

6.  The  mode  in  which  a  hot  body  cools  is,  firstly,  by  giving 
off  heat  from  its  surface  either  by  contact  or  radiation,  or 
both  conjointly;  and,  secondly,  by  the  heat  in  it»  interior 
passing  from  particle  to  particle  through  its  substance  to  its 
surface.  The  heating  of  a  cold  body  is  effected,  firstly,  by 
heat  passing  into  its  surfece  either  by  contact  or  radiation,  or 
by  both  conjointly ;  and,  secondly,  by  the  heat  at  its  surface 
passing  from  particle  to  particle  through  its  interior  portions. 

7.  When  two  bodies  of  different  temperature  are  in  actual 
contact,  the  principal  conditions  which  influence  the  communi- 
cation of  heat  from  one  to  the  other,  are,  the  degree  of  conti- 
guity and  the  conducting  power  of  the  substances.  The  more 
perfect  the  approximation,  the  more  rapid,  other  things  being 
equal,  is  the  transfer.  The  contact  of  two  solids,  or  a  solid 
with  a  gas,  is,  in  general,  of  a  less  perfect  kind,  and  at  fewer 
points,  than  that  between  a  solid  and  a  liquid ;  and  hence,  so  far 
as  contact  alone  is  concerned,  the  transfer  is  more  rapid  in  the 
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latter  case  than  in  the  former.  It  is  still  more  rapid  when  liquids 
are  mixed  with  each  other,  or  gases  with  gases,  owing  to  the 
intermixture  of  their  particles.  When  bodies  touch  each  other 
at  their  surfaces  only,  the  rapidity  of  transfer  will  depend  upon 
the  velocity  with  which  caloric  passes  through  their  substances, 
and  the  question  becomes  one  of  conduction  merely. 

We  shall  therefore  continue  the  discussion  of  the  subject  of 
this  section,  under  the  two  heads  oi  conduction  and  radiation, 

CONDUCTION    OP    HEAT. 

8.  By  this  term  is  expressed  the  passage  of  heat  from  particle 
to  particle,  through  the  substance  of  bodies.  Heat  is  said  to  be 
conducted  by  them,  or  to  pass  by  conduction^  and  the  property 
on  which  its  transmission  depends  is  termed  their  conducting 
power. 

9.  If  on  a  cold  morning  of  winter,  the  hand  is  placed  succes- 
sively upon  a  piece  of  metal,  and  then  upon  a  piece  of  wood, 
the  former  will  feel  much  colder  than  the  latter,  because  the 
metal  in  equal  times  conveys  away  from  the  hand  much  more 
caloric  than  the  wood.  Daily  experience  also  teaches  that 
we  cannot  leave  one  end  of  a  rod  of  iron  for  some  time  in 
the  fire,  and  then  touch  its  other  extremity  without  danger  of 
being  burned,  yet  with  a  rod  of  glass,  or  wood,  or  charcoal,  of 
but  few  inches  in  length,  it  may  be  done  with  safety.  If  a 
piece  of  metal  or  other  substance  is  heated  to  the  boiling 
point  of  water,  and  immediately  plunged  into  mercury  till  the 
substance  becomes  of  the  same  temperature  as  the  mercury, 
and  again  heated  as  before  and  plunged  into  olive  oil,  it  will 
be  found  to  require  a  much  longer  time  to  cool  in  the  latter 
than  in  the  former  case.  By  observing  these  and  similar 
facts,  it  is  very  evident  that  different  bodies  conduct  or  trans- 
mit caloric  with  different  degrees  of  velocity.  All  material  sub- 
stances are,  therefore,  divided  into  the  two  classes  of  conductors 
and  non-conductors  of  heat.  The  former  division,  of  course, 
includes  those  bodies,  such  as  the  metals,  which  allow  heat 
to  pass  through  them  freely ;  and  the  latter  comprises  those 
which  do  not  give  an  easy  passage  to  it,  such  as  marble,  glass, 
wood,  and  charcoal.  The  division  is,  therefore,  rather  rela- 
tive than  absolute; — the  non-conductors  permit  caloric  to  pass 
through  their  substances,  but  with  less  velocity  than  the  con- 
ductors. 

10.  Conduction  in  Solids.  —  Various  methods  have  been 
adopted  for  determining  the  relative  conducting  power  of  dif- 
ferent substances.  The  mode  devised  by  Ingenhouz  was  to 
cover  small  rods  of  the  same  form,  size,  and  length,  but  of  dif- 
ferent materials,  with  a  layer  of  wax,  to  plunge  their  extremi- 
ties into  heated  oil,  and  note  to  what  distance  the  wax  was 
melted  on  each  during  the  same  interval.    The  metals  were 
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found,  by  this  method,  to  conduct  heat  better  than  any  other  sub* 
stances ;  and  of  the  metals,  silver  is  the  best  conductor ;  ^old 
comes  next ;  then  tin  and  copper,  which  are  nearly  equal ;  then 
platinum,  iron,  and  lead. 

,  Some  experiments  were  made  by  Despretz,  apparently  with 
great  care,  on  the  relative  conducting  power  of  the  metals  and 
some  other  substances,  and  the  results  are  contained  in  the 
following  table : 


Gold 1000 

Silver 973 

Copper 898.2 

Platinum 381 

Iron 374.3 

Zinc 363 


Tin 303.9 

Lead 179.6 

Marble 23.6 

Porcelain .........  12.2 

FineClay 11.4 


The  substances  employed  for  these  experiments  were  made 
into  prisms  of  the  same  form  and  size.  To  one  extremity  a 
constant  source  of  heat  was  applied,  and  the  passage  of  heat 
along  the  bar  was  estimated  by  small  thermometers  placed  at 
regular  distances,  with  their  bulbs  fixed  in  the  substance  of  the 
prism.  The  results,  as  contained  in  the  table,  do  not  agree 
entirely  with  those  of  Ingenhouz,  or  of  other  experimenters, 
but  they  may  without  question  be  considered  as  a  near  ap- 
proximation to  the  truth. 

11.  A  convenient  method  to  determine  the  relative  conducting  power  of 
different  substances,  is,  to  have  them  made  into  cylinders  of  equal  diameter, 
and  set  in  a  thin  piece  of  wood  at  sufficient  distances  from  each  other,  both 
extremities  of  each  piece  projecting  from  one  to  two  inches  from  the  wood. 
If  the  board  be  held  in  a  horizontal  position,  a  small  piece  of  phosphorus 
may  be  placed  upon  the  upper  extremity  of  each  of  the  substances  experi- 
mented upon,  and  the  lower  ends  exposed  to  the  same  temperature  by 
plunging  them  in  heated  oil,  or  sand  that  has  been  previously  well  mixed 
afler  being  heated ;  and  the  times  that  elapse  before  the  ignition  of  the 
phosphorus  upon  the  several  substances,  wUl  indicate  with  some  correct- 
ness, their  relative  conducting  powers. 

This  principle  will  explain  why  a  piece  of  paper  wound  closely  around  a 
cylinder  of  metal  and  held  in  the  flame  of  a  lamp  is  not  even  scorched  for 
some  time,  though,  if  wood  had  been  used  instead  of  metal,  the  paper  would 
have  taken  fire  immediately.  An  experiment  of  this  kind  is  sometimes 
performed  by  holding  a  handkerchief  closely  in  contact  with  the  back  of  a 
silver  watch,  and  touching  it  with  ignited  charcoal.  It  is  said  the  handker. 
chief  cannot  be  burned  in  this  way;  but  it  would  be  more  correct  to  say,  it 
cannot  be  done  without  difficulty. 

13.  An  ingenious  plan  was  adopted  by  Count  Kumford  for  ascertaining 
the  relative  conducting  power  of  the  diffi;rent  materials  employed  for  cloth- 
ing. He  enveloped  a  thermometer  in  a  glass  cylinder  blown  into  a  ball  at 
its  extremity,  and  filled  the  interstices  with  the  substance  to  be  examined. 
Having  heated  the  apparatus  to  the  same  temperature  in  every  instance  by 
immersion  in  boiling  water,  he  transferred  it  into  melting  ice,  and  observed 
carefully  the  number  of  Beconds  which  elapsed  during  tiie  passage  of  the 
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Ihermomeler  through  135  degrees.    Wben  Ibere  wai  ur  between  Ihe  thw  I 

moinelsr  tmd  cf  lioder,  the  cooling  took  place  in  ST6  secai  *  ' 

iatetatitxa  were  filled  »iUi  line  lint,  it  took  pbce  io  1032" ; 

1046";  wilbs]ieep'iw«il,inllie";  with  raw  sUk,  in  1284";  witli 

fiu,  in  1336";  wilh  eider  down,  in  1305";  ud  wilii  bate's  fhr,  in  1315". 

13.  Many  efforts  have  been  made  to  deterniiite  tlie  cause  of 
tliis  great   difference  in  the  conducting  power  of  different 
bodies,  but  liitlierto  with  httle  avaiL  The  conducting  power  of 
solid  bodies  does  not  seem  to  be  related  to  any  or  the  otljer 
properties  of  matter ;  but  it  approaches  nearer  to  the  ratio  of 
tlieir  densities  than  tijat  of  any  other  property.    Count  Uum- 
&rd  found  a  considerable  difference  in  tlie  cooducllng  power  • 
even  of  the  same  material,  according  to  the  state  in  which  it  J 
was  emploj^ed.    His  observations  seem  to  warrant  the  conclifr  I 
sion,  that,  in  the  same  substance,  the  conducting  power  In-  \ 
creases  with  the  compactness  of  structure.  I 

14.  The  metals,  as  already  remarked,  are  much  Ihe  best  coo-  I 
ductors  of  caloric  known,  while  glass,  pottery,  clay,  resin,  1 
diarcoal.  feathers,  silk,  wool,  &c.,  are  generally  considered  I 
non-conductors.  I 

The  non-conducting  poweri  of  cotton,  wool,  fur,  and  other  J 
similar  substances,  is  supposed  to  be  occasioneti  by  the  a 
chanically  held  among  their  fibres. 

15.  Advantage  is  taken  of  the  imperfect  conducting  powers  ' 
of  bodies,  to  prevent  the  passage  of  heat  in  any  direction,  par-   ' 
ticularly  in  confining  it.    Hence  fiirnaces  are  generally  lined 
with    "fire-brick,"    or  a  thick   coating    of  clay  and    sand. 
Wooden  handles  are  fitted  to  metallic  vessels,  or  a  stratum 
of  wood  or  ivory  is  interposed  between  Ihe  hot  vessel  and  the 
metal  handle.     Double   windows,  as  in  Kensington  Palace,  J 
England,  and  double  doors,  with  an  interposed  stratum  of  alr,l 
are  sometimes  used.    Ice-bouses  are  oflen  constructed  wlth'l 
double  walls  which  have  their  interstices  filled  with  fine  chaiyl 
coal,  or  some  other  non-conducting  substance,  to  prevent  thA  V 
influx  of  heat  from  without.  I 

16.  The  design  of  clothing  is  to  retain  the  heal  produced! 
by  the  system ;  and  hence  the  warmest  clotiiing  will  be  that  I 
which  possesses  the  least  conducting  power.     By  I'eTerencsfl 
to  Ihe  experiments  of  Count  Rumford,  mentioned  above,  itl 
will  be  seen  that  the  general  practice  of  mankind,  In  theicfl 
selection  of  clothing,  is  fully  justified  by  expej-jment.    In  win*V 
ter  the  poorest  conductors  are  selected,  and  in  summer  the -j 
'best,  as  it  is  then  desirable  that  the  superfluous  heat  may  be 
permitted  at  once  to  escape.    IE  in  summer,  the  temperature 
of  the  atmosphere  should  rise  considerably  above  that  of  the 
igrstem,  it  would  be  found  advantageous  to  use  the  same  cloth- 
■""  aBincoldweather.lnorder  to  prevent  theaccesalon  of  heat  \ 

a  without. 
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17.  Snow,  in  consequence  of  its  imperfect  conducting  power, 
serves  as  clothing  to  the  earth  in  winter,  and  prevents  its 
surface  from  being  cooled  down  as  low  as  it  would  otherwise 
be. 

On  the  other  hand,  advantage  is  taken  of  the  conducting 
power  of  bodies  in  extending  large  cylinders  or  prisms  or 
metal  from  the  fire  in  kitchen-ranges  to  ovens  at  a  little  dis- 
tance, which,  by  the  caloric  conducted  along  the  metal,  are 
kept  constantly  at  the  proper  temperature.  Cylinders  of  metal 
are  sometimes  made  to  extend  from  the  centre  of  the  oil  vessels 
of  lamps  used  in  light-houses,  and  terminate  in  knobs  directly 
over  the  tops  of  the  glass  chimneys  surrounding  the  wicks.  A 
portion  of  the  heat  produced  by  the  lamp  is  thus  conveyed  to 
the  oil  to  prevent  it  from  congealing. 

18.  Conduction  in  Liqxiids. — Liquids  may  be  said,  in  one 
sense  of  tKe  word,  to  have  the  power  of  conveying  heat  with 
great  rapidity,  though  in  reality  they  are  very  imperfect 
conductors.  This  peculiarity  is  owing  to  the  mobility  which 
subsists  among  the  particles  of  all  fluids,  and  the  change  of 
size  which  is  always  produced  by  a  change  of  temperature. 
When  any  particles  of  a  liquid  are  heated  they  expand,  thereby 
becoming  specifically  lighter  than  those  which  have  not  received 
an  increase  of  temperature ;  and  if  the  former  happen  to  be 
covered  by  a  stratum  of  the  latter,  these  from  their  greater 
density  will  descend,  while  the  warmer  and  lighter  particles 
will  be  pressed  upwards.  It  therefore  follows  that,  if  heat  enter 
at  the  bottom  of  a  vessel  containing  a  liquid,  a  double  set  of 
currents  must  be  immediately  established,  the  one  of  hot  parti- 
cles rising  towards  the  surface,  and  the  other  of  colder  parti- 
cles descending  to  the  bottom.  Now  these  currents  take  place 
with  such  rapidity,  that  if  a  thermometer  be  placed  at  the  bot- 
tom, and  another  at  the  top  of  a  long  jar,  the  fire  being  applied 
below,  the  upper  one  will  begin  to  rise  almost  as  soon  as  the 
lower.  The  transportation  of  hot  particles  by  this  process  has 
been  termed  the  convection  of  heat. 

19.  But  if,  instead  of  heating  the  bottom  of  the  jar,  the  heat 
enter  by  the  upper  surface,  very  different  phenomena  will  be 
observed.  The  intestine  movement  cannot  then  be  formed, 
because  the  heated  particles,  from  being  lighter  than  those  below 
them,  remain  constantly  at  the  top;  the  heat  can  descend 
through  the  fluid  only  by  transmission  from  particle  to  particle, 
a  process  which  takes  place  so  very  tardily,  as  to  have  induced 
Count  Rumford  to  deny  that  water  can  conduct  at  all.  In  this, 
however,  he  was  mistaken  ;  for  the  opposite  opinion  has  been 
successfully  supported  by  Hope,  Thomson,  and  Murray,  though 
they  all  admit  that  water,  and  liquids  in  general,  mercury 
excepted,  possess  the  power  of  conducting  heat  in  a  very 
slight  degree. 
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20.  The  establishment  of  the  upward  and  downward  currents,  when  heat 
k  applied  to  the  bottom  of  the  vessel  containing  a  fluid,  may  be  shown  by 
patting-  some  pieces  of  amber  or  gum  copal  into  a  vessel  of  water,  and  plac- 
ing it  over  a  small  spirit-lamp.  The  piece  of  amber  or  gum  wil]  be  seen 
to  rise  vertically  in  the  centre,  and,  on  reaching  the  surface,  move  towards 
tile  sides  of  tlie  vessel  which  are  colder,  from  the  influence  of  the  external 
air;  they  then  sink  and  rise  again  as  before. 

When  the  boiling  point  is  nearly  attained,  the  particles  being  nearly  of 
the  same  temperature,  the  circulation  is  retarded.  The  portions  in  contact 
with  the  heated  sur&ce  are  converted  into  steam  before  they  can  be  suc- 
ceeded by  others ;  but  the  steam  thus  produced  cannot  rise  far  before  it  is 
condensed.  Hence  the  vibration  and  singing  observed  at  this  time. — Dr. 
Hare. 

21.  The  extremely  poor  conducting  power  of  water  may  be  shown  by 
cementing  a  thermometer  in  a  glass  funnel,  which  is  to  be  inverted  and 
filled  with  water  so  as  to  cover  the  bulb  of  the  thermometer  about  a  quarter 
of  an  inch.  If  now  a  little  ether  be  gently  poured  upon  the  water,  it  may 
be  inflamed  without  producing  any  sensible  effect  upon  the  thermometer. 

When  large  quantities  of  water  are  slowly  heated,  the  upper  portions  will 
frequently  be  found  quite  warm,  while  that  in  the  lower  part  of  the  vessel 
will  remain  comparatively  cold ;  and  this  though  the  fire  is  applied  beneath. 
Hence  it  is  not  unfrequent,  in  bathing  establishments,  to  draw  both  warm 
and  cold  water  from  the  same  reservoir. 

22.  If  a  tube  ten  or  twelve  inches  long  be  nearly  filled  with  water  and 
placed  in  an  inclined  position,  so  that  the  heat  of  a  spirit-lamp  can  be  applied 
near  the  centre,  the  water  in  the  upper  part  of  the  tube  may  be  made  to 
boil,  while  the  lower  portion  will  remain  as  cold,  or  nearly  so,  as  at  first. 
If,  at  the  commencement  of  the  experiment,  the  temperature  of  the  water 
be  near  the  freezing  point,  and  a  piece  of  ice  be  confined  at  the  bottom,  it 
will  remain  long  aAer  the  water  boils  above  it,  before  it  will  be  melted. 

23.  Conduction  in  Gases. — It  is  extremely  difficult  to  estimate  the  con- 
ducting power  of  aeriform  fluids.  Their  particles  move  so  freely  on  each 
other,  that  the  moment  a  particle  is  dilated  by  heat,  it  is  pressed  upwards 
with  great  velocity  by  the  descent  of  colder  and  heavier  particles,  so  that  an 
ascending  and  descending  current  is  instantly  established.  Besides,  these 
bodies  allow  a  passage  through  them  by  radiation.  Now  the  quantity  of 
heat  which  passes  by  these  two  channels  is  so  much  greater  than  that  which 
is  conducted  from  particle  to  particle,  that  we  possess  no  means  of  deter- 
mining  their  proportion.  It  is  certain,  however,  that  the  conducting  power 
of  gaseous  fluids  is  exceedingly  imperfect,  probably  even  more  so  than  that 
of  liquids. 

RADIATION. 

24.  When  the  hand  is  placed  beneath  a  hot  body  suspended 
in  the  air,  a  distinct  sensation  of  warmth  is  perceived,  though 
from  a  considerable  distance.  This  effect  does  not  arise  from 
the  heat  being  conveyed  by  means  of  a  hot  current ;  since  all 
the  heated  particles  have  a  uniform  tendency  to  rise.  Neither, 
for  reasons  above  assigned,  can  it  depend  on  the  conducting 
power  of  the  air ;  because  aerial  substances  possess  this  power 
in  a  very  low  degree,  while  the  sensation  in  the  present  case  is 
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excited  almost  on  the  instant.  There  is,  therefore,  another  mode 
by  which  heat  passes  from  one  body  to  another;  and  as  it 
takes  place  in  all  gases,  and  even  in  vacuo^  it  is  inferred  that 
the  presence  of  a  medium  is  not  necessary  to  its  passage. 
This  mode  of  distribution  is  called  radiation  of  heat,  and  the 
heat  so  distributed  is  called  radiant,  or  radiated  heat.  It  ap- 
pears, therefore,  that  a  heated  body  suspended  in  the  air  cools, 
or  is  reduced  to  an  equilibrium  with  surrounding  bodies,  in 
three  ways ;  first,  by  the  conducting  power  of  the  air,  the  influ- 
ence of  which  is  very  trifling;  secondly,  by  the  mobility  of  the 
air  in  contact  with  it ;  and  thirdly,  by  radiation. 

25.  Laws  of  Distribution, — Heat  is  emitted  from  the  surface 
of  a  hot  body  equally  in  all  directions,  and  in  right  lines,  like 
radii  drawn  from  the  centre  to  the  surface  of  a  sphere ;  so  thai 
a  thermometer  placed  at  the  same  Distance  on  any  side  would 
stand  at  the  same  point,  if  the  effect  of  the  ascending  current 
of  hot  air  could  be  averted.  The  calorific  rays,  thus  distri- 
buted, pass  freely  through  a  vacuum,  and  the  air,  without  being 
arrested  by  the  latter,  or  in  any  way  affecting  its  temperature. 
"When  they  fall  upon  the  surface  of  a  solid  or  liquid  substance, 
they  may  be  disposed  of  in  three  different  ways: — 1,  they  may 
rebound  from  its  surface,  or  be  reflected;  2,  they  may  be  re- 
ceived into  its  substance,  or  be  absorbed ;  and  3,  c;;ey  may  pass 
directly  through  it,  or  be  transmitted.  In  the  first  and  third 
cases,  the  temperature  of  the  body  on  which  the  rays  fall  is 
altogether  unaffected ;  whereas,  in  the  second  it  is  increased. 
The  heating  influence  varies  with  the  distance  from  the  radi- 
ating body.  The  rate  or  law  of  decrease,  as  ascertained  by 
careful  experiment,  and  as  may  be  inferred  from  mathematical 
considerations,  is,  that  the  intensity  of  heat  diminishes  in  the 
same  ratio  as  the  squares  of  the  distances  from  the  radiating 

{)oint  increase.  Thus  the  thermometer  will  indicate  four  times 
ess  heat  at  two  inches,\nine  times  less  at  three  inches,  and  six- 
teen times  less  at  four  inches,  than  it  did  when  it  was  only  one 
inch  from  the  heated  substance. 

26.  The  radiation  of  heat  from  hot  bodies  is  singularly  influ- 
enced by  the  nature  and  condition  of  their  surfaces,  a  circum- 
stance which  was  first  illustrated  by  Leslie,  in  his  Essay  on 
Heat,  published  in  1804.  In  his  experiments  he  used  a  cubical 
vessel  of  tin  filled  with  hot  water  as  the  radiating  substance ; 
and  the  calorific  rays  proceeding  firom  it  were  brought  to  a 
focus  by  means  of  a  concave  mirror,  and  their  intensity  ascer- 
tained by  a  differential  thermometer.  By  adapting  thin  plates 
of  the  metals  to  the  different  faces  of  the  cubical  vessel,  or  coat- 
ing them  with  other  substances,  and  bringing  them  opposite 
the  mirror,  the  following  results  were  obtained.  1.  Bright  and 
polished  metallic  surfaces  radiate  caloric  very  imperfectly.  2. 
The  radiating  power  is  much  increased,  simply  by  scratching 
the  surfece,  or  rendering  it  in  any  way  rough  or  dull,  as  by 


coating  it  with  wax,  whiting,  or  lampblack.  3.  The  radiating  J 
power  orthedifierent  metals  is  nearly  equal,  provided  theynT«l 
susceptible  or  equal  polish.  4.  The  power  oTa  body  lo  radiate  1 
caloric  does  not  depend  entirely  upon  the  condition  of  its  sur-4 
face,  since  a  highly  polished  piece  of  glass  radiates  far  better  I 
than  an  equally  polished  metallic  surrace. 


wilh  in  otiGce  it  the  top  like  a  eomiaon  tuI  Ibal  ma*  b> 
cork.  If  DOW  ODe  of  tlie  Teieel*  be  coitrd  urilh  limpUack  or  pavdripd 
cbalk,  and  both  lUled  with  boiling  water,  after  standing  a  short  time,  a  Iher. 
mometer  inserled  into  Ibe  vends  succesaively  will  ihow  thai  the  eontmU 
of  the  coated  vessel  are  apfiroacbing  the  lemperalurs  af  the  atmosphfra 
much  more  rapidly  thin  those  of  the  other.  Alter  ■  certain  interfal,  iha 
finger  may  be  immeraed  in  the  water  of  llie  coated  vessel  without  dannr, 
wlul&thal  in  the  Dtbei  reoiaiaa  at  a  scaldiii^  lemperatura.  If  Uie  snrlao* 
of  one  of  thevesseU  is  made  tough  by  sctilcliing  il  vilh  BaDd.papcr.a  sinii- 
Jai  efiTect  will  be  observed.  In  both  cases  (he  qaantity  of  calorie  contained 
in  the  vesseU  was  equsl,  but  one  vessel  permlllcd  il  to  (scape  by  radiation 
more  rapidly  than  Ihe  other. 


28.  Lampblack  has  been  found  to  form  the  best  radiating 
sar&ce  of  any  known  substances.  If  its  radiating  power  br 
estimated  at  100,  that  of  glass,  it  is  said,  will  be  90,  bright  leac 
19,  and  tin  plate  only  12;  and  though  bright  lead  radiates  with' 
a  power  of  but  19,  if  it  be  a  little  tarnished,  its  powor  is  raised 
to  45. 

29.  Ingeneral  it  may  be  affirmed  tJiat  all  substances  in  naturei 
bave  difierent  radiating  powers.  In  the  case  of  the  metals,  thft- 
radiation  appears  to  depend  merely  upon  Ihe  surface,  without 
reference  to  the  thickness ;  but  in  case  of  other  radiating  sub- 
Blances,  something  depends  upon  the  thickness  of  the  coating 
constituting  the  surface,  the  increase  of  which  within  moderate 
limits  increases  the  radiation.  If  a  very  thick  coating  be  ap- 
plied, the  result  will  of  course  depend  in  part  upon  the  coa- 
ducting  power  of  the  substance,  as  well  as  the  nature  of  the 
surface. 

30.  By  some  recent  experiments,  (Phil.  Trans.  1S33,  Part  11.) 
tt  appears  to  be  satisfactorily  determined  that,  otlier  thinet' 
being  equal,  dark-colored  surfaces  radiate  caloric  more  freely 
than  lighter^Mslored  ones.* 

31.  Several  important  suggestions  will  naturally  arise  from  a^i 
review  of  the  preceding  doctrines.  Whenever  if  is  desired. 
that  the  heat  of  a  fluid  or  other  substance  should  be  retained," 
vessels  with  bright  and  polished  metallic  surfaces  should  be 
used,  but  the  reverse  if  the  heat  is  to  be  distributed.  Thus 
tea  and  coffee-pots  are  usually  made  of  some  bright  metal, 
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while  stoves   and  stove-pipes,  for  the  difiiision  of  heat,  are 
made  with  dark  and  rough  surfaces.    Pipes  to  convey  steam   •' 
from  the  boilers  in  steam-engines  to  the  cylinders,  £md  pipes  to 
convey  heated  air  from  furnaces  to  the  different  apartments  of    i 
a  building,  should  be  bright,  or  else  they  should  be  protected 
by  some  non-conducting  covering. 

32.  Reflection  of  Heat, — That  heat  may  be  reflected  may  be 
shown  by  standing  at  the  side  of  a  fire  in  such  a  position  thai 
the  heat  cannot  reach  the  face  directly,  and  then  placing  a 
plate  of  tinned  iron  opposite  the  grate,  and  at  such  an  incli> 
nation  as  permits  the  observer  to  see  in  it  the  reflection  of  the 
fire ;  as  soon  as  it  is  brought  to  this  inclination,  a  distinct  iB»* 
pression  of  heat  will  be  perceived  upon  the  face. 

33.  If  a  line  be  drawn  from  a  radiating  substance  to  the  point 
of  a  plane  surface  by  which  its  rays  are  reflected,  and  a  second 
line  from  that  point  to  the  spot  where  its  heating  power  is  ex- 
erted, the  angles  which  these  lines  form  with  a  line  perpendicu- 
lar to  the  reflecting  plane  are  called  the  angles  of  incidence  woJSi 
reflection^  and  are  invariably  equal  to  each  other. 

34.  Thus  let  AB,  figure  1,  be  the  reflectinf  j 
^j^  surface,  and  R  a  ray  of  heat  which  strikes  thip  j 
surface  at  D  in  the  direction  RD;  it  will  bt  j 
thrown  off  or  reflected  in  the  direction  DI.  |f 
a  perpendicular  PD  be  erected  at  the  point  D, 
the  angle  RDP  will  be  the  angle  of  incideaoe^  .' 
and  IDP  the  angle  of  reflection. 

It  follows,  from  this  law,  that  when  a  heated 
-^  body  is  placed  in  the  focus  of  a  concave  paro> 
bolic  reflector,  the  diverging  rays  which  strike  upon  it  assume  a  parallel 
direction  with  respect  to  each  other-;  and  that  when  these  parallel  rays  im- 
pinge upon  a  second  concave  reflector  standing  opposite  to  the  former,  they 
are  made  to  converge  so  as  to  meet  together  in  its  focus.  Their  ^nited  in- 
fluence is  tlms  brought  to  bear  upon  a  single  point 

Pig.  2. 
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35.  The  manner  of  performing  the  experiment  will  be  seen  by  inspecting 
figure  2.  A  and  B  are  two  concave  parabolic  mirrors.  If  a  heated  ball  C 
is  placed  in  the  focus  of  one  of  them.  A,  the  rays  of  heat  striking  its  surface 
will  be  reflected  in  parallel  lines  to  the  second  mirror,  B,  and  be  again  col- 


lectcd,  hy  >  sesond  reflection,  in  its  ItMiu,  D ;  aa  will  at  once  be  eliown  by 
a  tliernmmeler  plnoed  lliere. 

36.  It  has  been  known  for  ages  that  the  heat  contained  in 
the  solar  rays  admits  of  being  reflected  by  mirrors,  and  a  like 
property  has  long  since  been  recognised  in  the  rays  emitted 
by  red-hot  bodies ;  but  that  heat  emanates  in  invisible  rays, 

,  which  are  subject  to  the  same  laws  of  reHection  as  thDSe  that 
are  accompanied  by  light,  is  a  modern  discovery,  noticed  in- 
deed by  Lambert,  but  first  decisively  established  by  Saussure 
tauid  Pictet  of  Greneva.  They  first  proved  it  of  an  iron  ball,  so 
-heated  as  not  to  be  luminous  even  in  the  dark,  and  then  of  a 
vessel  of  boiling  water;  but  for  most  of  our  knowledge  of  this 
subject  we  must  again  refer  to  the  labors  of  Leslie.  He  de- 
'monatrated  that  the  rejecting  power  dej>end3  on  the  nature  and 
condition  of  surfaces;  and  that  those  qualities  which  are  ad- 
verse to  radiation  are  precisely  such  as  promote  reflection. 
Bright  smooth  metallic  surfaces,  as  polished  silver,  brass,  or 
-tin,  which  are  retentive  of  their  own  heat,  are  little  prone  to 
'receive  heat  from  other  sources,  but  cause  such  rays  to  tiy  off 
from  them;  while  those  qualities  ofa  surface  which  facilitate 
■  radiation  from  a  hot  body,  likewise  unfit  it  for  reliecting  the 
i;'tuys  which  fait  upon  it  from  surrounding  objects.  His  eicperi- 
'  ments,  indeed,  justify  the  conclusion  that  the  faciUty  of  radiation 
iijs  insersely  as  that  of  reflection. 

37.  Ahaorplion  qfffeat. — Every  increase  of  temperature  aris- 
ing from  radiant  heat  is  due  to  its  absorption  or  reception  into 
the  body  on  which  it  talis.  If  a  pencil  of  heat  impinges  ujwn 
the  surface  of  a  body  through  which  no  portion  of  it  is  trans- 
mitted, it  must,  as  a  matter  of  course,  either  be  reflected  or 
absorbed :  those  rays  which  are  reflected  cannot  be  absorbed  ; 
and  those  which  are  not  reflected  must  be  absorbed.  The 
number  of  absorbed  rays  is  supplemental  to  that  of  the  reflected 
rays.  It  hence  follows  that  as  the  reflecting  power  is  materi- 
ally influenced  by  the  nature  of  surfaces,  the  absorptive  power 
must  be  sn  likewise.  Those  qualities  of  a  surface  which 
increase  reflection  are  to  the  same  extent  adverse  to  absorp- 
tion; and  those  which  favor  absorption  are  proportionally 
Injurious  to  reflection.  Since,  moreover,  as  has  just  been 
shown  (36),  the  property  of  radiation  is  inversely  os  that  of  re- 
flection, the  power  of  radiating  is  directly  proportional  to  that 
of  absorbing  heat. 

38.  Surfaces  may  therefore  be  divided  into  two  classes,  those 
which  afford  an  easy  passage  to  heat,  and  those  which  do  not. 
The  former  will  be  good  radiators  and  absorbers,and  the  latter 
good  reflectors  and  retainers. 

33.  The  colar   of  surfaces  influenCGa    the   absorption   of  radiant   Iieat. 
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ence  or  the  absorptive  power  for  aimple  heat  on  color  has  not  till  latelf 
been  noticed.  From  reaeBrclieB  by  Dr.  Stark  it  leenis  that  diSbrenlly 
colored  wools  wound  upon  the  bulb  of  a  Ihennometer,  and  eiposcd  within 
a  glass  tube  to  hot  water,  rose  from  5D°  to  170°  in  the  followiqg  timea,— 
black  wool  in  4'  3D",  dark  green  in  5',  scarlet  in  5'  3D",  white  in  8'. 

40.  An  JntereBling  connection  has  been  traced  b;  NobiU  and  MbIIobj 
between  the  absorbing  and  conducting'  power  of  anrliiccs.  in  aome  able  JH' 
•earchei,  which,  if  free  from  fallacy,  juslify  the  inference  thai  the  radiating 
and  absorbing  powers  of  surfaces  for  Bimple  heat  are  in  the  inuersa  order 
of  their  conducting  power- 
ing- S-  41.  TranamUsiffn.  of  Heat. — Radiant  heat 
passes  with  perfect  freedom  through  a  va- 
cuum. The  air  and  gaseous  substances 
present  a  considerable  barrier  to  its  pro- 
,  gress.  An  experiment  of  Davy  seems 
conclusive  as  to  this  point.  He  con- 
trived to  heat  a  platinum  wire  by  means 
of  galvanism  within  a  receiver  containing 
two  concave  reflectors,  with  a  thermome- 
ter in  the  focus  of  one  of  them,  the  heated 
wire  being  in  the  focus  of  the  other.  Now 
when  the  air  was  exhausted  to  yinth  part 
of  its  ordinary  density,  the  thermometer, 
was  found,  would  be  raised  by  means  of 
e  ignited  wire,  three  times  as  high  9» 
when  the  air  in  the  receiver  was  at  its  natu- 
ral pressure. 

42.  Ho^  transparent  media  of  a  denser  kind,  such  as  the  dia- 
mond, rock-crystal,  glass,  and  water,  even  in  thin  strata, 
greatly  interfere  with  its  passage;  and  when  in  moderately 
thick  masses,  intercept  it  altogether.  This  last  remark,  how- 
ever, is  applicable  only  to  simple-radiant  heat,  that  is,  to  heat 
unaccompanied  with  light.  The  solar  rays  pass  readily  through 
glass,  tHith  heat  and  light  being  refracted  in  their  passage,  as 
is  shown  by  the  common  burning-glass;  and  though  much  of 
the  heat  emitted  by  the  flame  of  a  Tamp,  or  a  red-hot  iron  ball, 
is  arrested  by  glass,  many  of  the  calorific  rays  are  directly 
transmitted  wiln  the  light  But  the  result  is  different  when 
the  heated  body  is  not  luminous.  A  thin  screen  of  glass,  inter- 
posed between  such  an  object  and  a  thermometer,  certainly 
intercepts  most  of  the  rays  that  fall  upon  it;  and  the  sole 
question  which  can  be  raised  is,  whether  the  small  effect  on 
the  thermometer  is  caused  by  direct  transmission,  or  by  the 
n  first  becoming  warm  by  the  absorption  of  the  rays,  and 


has  at  iengtl)  been  put  at  rest  by  the  able  research  of  Mellon!, 
made  with  a  thermomuttiplier,  an  instrument  which  is  capaMe 
of  indicating  extremely  slight  changes  of  temperature.    He  has 


nE\T.  27 

proved  that  substances  differ  in  their  power  to  transmit  the 
rays  of  heat  just  as  they  differ  in  their  action  upon  those  of 
light  Some  allow  the  rays  of  heat  to  pass  through  them 
readily  and  are  called  transcalent  or  di^ithermanous,  while 
others  entirely  intercept  them,  and  are  called  intranscalent  or 
adiatherinanous.  Several  of  the  important  conclusions  esta- 
blished by  him  are  as  follows,  viz.  : 

1.  Transcalent  bodies  are  generally  more  or  less  transparent, 
but  some,  as  black  glass  and  black  mica,  are  opake.  The 
transparency  and  transcalency  of  a  substance,  however,  are 
not  usually  in  the  same  proportion. 

2.  Transcalent  bodies  differ  very  much  in  their  power  to 
transmit  the  calorific  rays;  and  in  glass  and  liquids  those  are 
generally  most  transcalent  which  refract  light  most  powerfully. 

Rock-salt  appears  to  transmit  all  the  rays  of  heat ;  and  this 
is  the  only  substance  yet  known  which  is  perfectly  diatherma- 
nous. 

3.  The  proportion  of  heat  transmitted  through  glass  and 
other  diathermanous  substances,  varies  with  the  temperature 
of  the  source  from  which  the  rays  emanate.  The  higher  the 
temperature  the  greater  is  the  proportion  transmitted,  except 
in  the  case  of  rock-salt,  which  is  equally  permeable  to  rays  of 
a  high  or  low  temperature. 

The  rays  of  heat  like  those  of  light  may  be  refracted;  and  some  of  them 
being  more  fefrangible  than  others,  like  the  different  colors  of  light,  they 
may  be  separated  from  each  other  by  means  of  the  prism. — See  Decomposi- 
tion of  Light. 

It  has  also  been  ascertained  that  heat  may  undergo  double-refraction  and 
potarizatioH,  in  the  same  manner  as  light 

43.  Theory  of  Radiation, — It  is  well  known  that  several  bo- 
dies, differently  heated,  placed  in  the  vicinity  of  each  other,  and 
at  a  distance  from  any  source  of  heat,  will  gradually  assume 
the  same  temperature.  Two  theories  have  been  proposed  to 
account  for  this  transfer  of  caloric  from  the  warmer  to  the 
colder  body — one  by  Pictet,  and  the  other  by  Prevost  of  Greneva. 
Pictet's  theory  supposes  that  bodies  of  equal  temperature  do 
not  radiate  any  caloric ;  but  when  the  bodies  are  of  unequal 
temperature,  the  warmer  give  calorific  rays  to  the  colder,  until 
an  equilibrium  is  established,  when  the  radiation  ceases. 

But  the  theory  of  Prevost  is  the  one  generally  adopted.  This 
supposes  that  all  bodies  at  every  temperature  are  constantly 
radiating  caloric  to  surrounding  objects,  and,  of  course,  receiv- 
ing caloric  from  them  in  return.  Consistently  with  this  view, 
the  temperature  of  a  body  falls  whenever  it  radiates  more  heat 
than  it  receives ;  its  temperature  is  stationary  when  the  quan- 
tities emitted  and  received  are  equal ;  and  it  becomes  warmer 
when  it  receives  more  than  it  radiates.  A  hot  body,  surrounded 
by  others  colder  than  itself,  affords  an  instance  of  the  first 
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case ;  the  second  happens  when  all  the  substances  within  the 
sphere  of  each  other's  radiation  are  of  the  same  temperature ; 
and  the  third  occurs  when  a  body  is  introduced  into  a  room 
that  is  warmer  than  itself. 

44.  An  argument  in  favor  of  this  theory  is  drawn  from  the  close  analogy 
which  is  observed  between  the  laws  of  heat  and  light  Luminous  bodies 
of  different  intensity  certainly  exchange  rays  with  one  another,  and  the  same 
is  inferred  to  be  true  with  regard  to  the  calorific  rays. 

Indeed,  there  appears  to  be  no  point  of  temperature  at  which  caloric  is 
not  given  out  by  bodies.  Even  ice,  which  feels  so  cold  to  the  touch,  be- 
comes a  source  of  heat  in  a  chamber  where  the  temperature  of  the  air  is  at 
zero,  and  a  body  at  zero  would  radiate  caloric  in  an  atmosphere  at  40°  below 
zero. 

This  theory  admirably  explains  all  the  ordinary  phenomena  of  radiation, 
but  it  has  been  supposed  to  fail  in  some  few  cases,  particularly  in  an  experi. 
ment  originally  performed  by  the  Florentine  Academicians,  and  since  care- 
fully repeated  with  the  same  results  by  others.  A  ball  of  ice  was  placed  in 
the  focus  of  a  concave  mirror,  which  occasioned  a  thermometer  placed  in 
the  focus  of  another  similar  mirror  standing  opposite  to  it  (35)  to  fail  several 
degrees.  At  first  it  was  supposed  that  rays  of  cold  were  actually  emitted  by 
the  ice,  but  by  a  little  examination  it  will  be  seen  that  the  phenomenon  is 
a  necessary  consequence  of  Prevost*s  theory  ;  as  in  this  case  the  thermome- 
ter itself  becomes  the  heated  body,  from  which  heat  is  given  off  to  the  ice. 

45.  Formation  of  Dew. — An  elegant  application  of  this  theory 
was  made  by  Wells  to  account  for  the  formation  of  dew. 
The  most  copious  deposit  of  dew  takes  place  when  the  weather 
is  clear  and  serene ;  and  the  substances  that  are  covered  with 
it  are  always  colder  than  the  contiguous  strata  of  air,  or  than 
those  bodies  on  which  dew  is  not  deposited.  In  fact,  dew  is  a 
deposition  of  water  previously  existing  in  the  air  as  vapor, 
and  which  loses  its  gaseous  form  only  in  consequence  of  being 
chilled  by  contact  with  colder  bodies.  In  speculating,  there- 
fore, about  the  cause  of  this  phenomenon,  the  chief  object  is  to 
discover  the  cause  of  the  reduction  of  temperature.  The  ex- 
planation proposed  by  Wells,  in  his  excellent  Treatise  on 
Dew,  and  now  almost  universally  adopted,  is  founded  on  the 
theory  of  Prevost.  If  it  be  admitted  that  bodies  radiate  at  all 
times,  their  temperature  can  remain  stationary  only  by  their 
receiving  from  surrounding  objects  as  many  rays  as  they  emit: 
and  should  a  substance  be  so  situated  that  its  own  radiation 
may  continue  uninterruptedly  without  an  equivalent  being  re- 
turned to  it,  its  temperature  must  necessarily  fall.  Such  is  be- 
lieved to  be  the  condition  of  the  ground  in  a  calm  starlight 
evening.  The  calorific  rays  which  are  then  emitted  by  sub- 
stances on  the  surface  of  the  earth  are  dispersed  through  free 
space  and  lost:  nothing  is  present  in  the  atmosphere  to  ex- 
change rays  with  them,  and  their  temperature  consequently 
diminishes.  If,  on  the  contrary,  the  weather  be  cloudy,  the 
radiant  heat  proceeding  from  the  earth  is  intercepted  by  the 
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clouds,  an  interchange  is  established,  and  the  ground  retains 
nearly,  if  not  quite,  the  same  temperature  as  the  adjacent  por- 
tions of  air. 

46.  All  the  facts  hitherto  observed  concerning  the  formation 
of  dew  tend  to  confirm  this  explanation.  Dew  is  deposited 
sparingly  or  not  at  all  in  cloudy  weather ;  all  circumstances 
which  promote  free  radiation  are  favorable  to  its  deposition ; 
good  radiators  of  heat,  such  as  grass,  wood,  the  leaves  of  plants, 
the  filamentous  substances  in  general,  reduce  their  tempera- 
ture, in  favorable  states  of  the  weather,  to  an  extent  of  ten, 
twelve,  or  even  fifteen  degrees  below  that  of  the  circumambient 
air:  and,  while  these  are  drenched  with  dew,  pieces  of  polished 
metal,  smooth  stones,  and  other  imperfect  radiators,  are  barely 
moistened,  and  are  nearly  as  warm  as  the  air  in  their  vicinity. 

47.  Wells  has  also  shown  that  the  formation  of  artificial 
ice  in  some  parts  of  India  depends  upon  the  radiation  of  heat 
from  the  surface  of  the  water.  The  nights  which  answer  best 
for  making  this  ice  are  clear  and  calm.  The  water  is  put  in 
shallow  pans,  which  are  so  placed  that  the  heat  from  the  ground 
cannot  readily  penetrate  them.  The  congelation  is  usually 
greatest  just  before  sunrise ;  and  as  dew  is  copiously  deposited, 
it  is  obvious  that  no  evaporation  can  take  place  n^om  its  sur- 
fece.  Formerly  it  was  supposed  that  the  cold  was  produced 
by  the  evaporation  from  the  surface,  an  explanation  which  it 
seems  must  be  given  up  as  fallacious. 

48.  The  temperature  at  which  dew  begins  to  be  deposited  is 
called  the  dew-pointy  which,  even  when  the  air  is  saturated  with 
moisture,  will  obviously  be  below  the  temperature  of  the  atmo- 
sphere. In  summer  this  point  is  usually  considerably  above 
the  temperature  of  ordinary  spring- water,  as  is  shown  by  the 
copious  deposition  of  moisture  upon  the  external  surface  of 
vessels  containing  water  recently  drawn  from  the  well 
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EFFECTS   OP   HEAT. 


49.  The  phenomena  that  may  be  ascribed  to  this  agent,  and 
which  may  therefore  be  enumerated  as  its  effects,  are  numer- 
ous. Omitting,  however,  at  present,  any  remarks  concerning 
Its  influence  upon  animal  or  vegetable  substances,  it  produces 
many  important  effects  upon  inorganic  bodies. 

60.  The  dimensions  of  every  kind  of  matter  are  regulated  by 
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this  principle.  Its  increase,  with  few  exceptions,  separates  the- 
particles  of  bodies  to  a  greater  distance  from  each  other,  pro- 
ducing expansion,  so  that  the  same  quantity  of  matter  is  thus 
made  to  occupy  a  larger  space ;  and  the  diminution  of  heat 
has  an  opposite  effect.  Were  the  repulsion  occasioned  by  this 
agent  to  cease  entirely,  the  atoms  of  bodies  would  come  into 
actual  contact. 

51.  The  form  of  bodies  is  dependent  on  heat.  By  its  increase, 
solids  are  converted  into  liquids,  and  liquids  are  dissipated  in 
vapor;  by  its  decrease,  vapors  are  condensed  into  liquids, 
and  these  become  solid.  If  matter  ceased  to  be  under  the  in- 
fluence of  heat,  all  liquids,  vapors,  and,  doubtless  even  gases,, 
would  become  permanently  solid ;  and  all  motion  on  the  sur- 
face of  the  earth  would  be  arrested. 

62.  When  heat  is  accumulated  to  a  certain  extent  in  bodies, 
they  shine,  or  become  incandescent.  On  this  important  pro- 
perty depends  all  our  methods  of  artificial  illumination. 

63.  Heat  exerts  a  powerful  influence  over  chemical  pheno- 
mena. There  is,  indeed,  scarcely  any  chemical  action  which 
is  not  in  some  degree  modified  by  this  principle ;  and  hence  a 
knowledge  of  its  laws  is  indispensable  to  the  chemist.  By  its 
means  bodies  previously  separate  are  made  to  combine,  and 
the  elements  of  compounds  are  disunited.  An  undue  propor- 
tion of  it  is  destructive  to  all  organic  and  many  mineral  com- 
pounds ;  and  it  is  essentially  concerned  in  combustion,  a  pro- 
cess so  necessary  to  the  wants  and  comforts  of  man. 

Of  the  various  effects  of  heat  above  enumerated,  several  w^ill 
be  discussed  in  other  parts  of  the  work.  In  this  place  it  is 
proposed  to  treat  only  of  its  influence  over  the  dimensions  and 
form  of  bodies,  a  subject  which  will  be  conveniently  studied 
under  the  three  heads  of  expansion,  liqu^action,  and  vapori- 
zation. 

EXPANSION. 

54.  One  of  the  most  remarkable  properties  of  heat  is  the  re- 
pulsion which  exists  among  its  particles,  a  property  which 
enables  it,  on  entering  into  a  body,  to  remove  the  integrant 
molecules  of  the  substance  to  a  greater  distance  from  each 
other.  The  body,  therefore,  becomes  less  compact  than  before ; 
occupies  a  greater  space,  or,  in  other  words,  expands.  This 
effect  of  heat  is  opposed  to  cohesion — that  force  which  tends  to 
make  the  particles  of  matter  approximate,  and  which  must  be 
overcome  before  any  expansion  can  ensue.  Heat,  therefore, 
should  produce  the  greatest  expansion  in  those  bodies  which 
are  least  influenced  by  cohesion,  an  inference  fully  justified  by 
observation.  Thus  the  force  of  cohesion  is  greatest  in  solids, 
kss  in  liquids,  and  least  of  all  in  aeriform  substances ;  while 


HEAT. 


31 


the  expansion  of  solids  is  trifling,  that  of  liquids  much  more 
considerable,  and  that  of  elastic  miids  far  greater. 

55.  It  may  be  laid  down  as  a  rule,  the  reason  of  which  will 
now  be  obvious,  that  all  bodies  are  expanded  by  heat,  and  the 
expansion  of  the  same  body  increases  with  the  quantity  of  heat 
which  enters  it  That  these  remarks  may  apply,  however,  it 
is  always  to  be  understood  that  the  form  and  chemical  consti- 
tution of  the  body  are  preserved.  If  a  change  in  respect  to 
either  of  these  be  occasioned,  then  expansion  may  or  may  not 
take  place,  not  as  a  direct  effect  of  augmented  temperature, 
but  as  the  result  of  the  change  in  form  or  composition. 

56.  In  proof  of  the  expansion  of  solids,  we  need  only  take  the  exact 
dimensions,  in  length,  breadth,  and  thickness,  of  any  substance  when  cold, 
and  measure  it  again  while  strongly  heated,  when  it  will  be  found  to  have 
increased  in  every  direction.  A  familiar  demonstration  of  the  fact  may  be 
afforded  by  adapting  a  ring  to  an  iron  rod,  the  former  being  just  large 
enough  to  permit  the  latter  to  pass  through  it  while  cold.  The  rod  is  next 
heated,  and  will  then  no  longer  pass  through  the  ring.  This  dilatation  from 
heat  and  consequent  contraction  in  cooling  takes  place  with  a  force  which 
appears  to  be  irresistible. 

57.  The  expansion  of  solids  has  engaged  the  attention  of 
several  experimenters,  whose  efforts  have  been  chiefly  directed 
towards  ascertaining  the  exact  quantity  by  which  different 
substances  are  lengthened  by  a  given  increase  of  heat,  and 
determining  whether  or  not  their  expansions  are  equable  at 
different  temperatures. 

58.  For  low  temperatures  it  has  been  satisfactorily  deter- 
mined that  the  expansion  of  the  more  infusible  solids  is  very 
uniform;  they  increase  as  much,  for  instance,  when  heated 
from  32°  to  122°,  as  when  heated  from  122°  to  212°,  but  above 
this  last  temperature  the  rate  of  expansion  increases.  Indeed, 
from  32°  to  122°  they  probably  expand  in  an  increasing  ratio, 
but  the  differences  are  so  small  as  to  escape  observation.  Dif- 
ferent solids  do  not  expand  equally  when  equally  heated  ;  but 
when  their  temperature  has  been  raised  from  32°  to  212°,  and 
allowed  to  fall  again  to  32°,  they  all  recover  precisely  their 
original  volume. 

The  following  table  exhibits  the  elongation  of  several  substances  when 
heated  from  32°  to  212°. 


Substances  tried. 


Dilat€ition  in  vul- 
gar fraction  qfits 
own  length. 

Flint-glass,  Eng ^J^^ 

Copper 3JP 

Hard  steel -^, 


Iron-wire ^^ 

Brass 


! 

'TS2 


Substances  tried. 


Dilatation  in  vul- 
gar fraction  of  its 
own  length. 


Lead 

Tin 

Silver 

Gold 

Platinum ^his 


1 

ISTx 

1 
STT 

1 

1  _ 

BT2 
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59.  Knowing  the  elongation  of  any  substance  for  a  given  number  of  de- 
grees of  the  thermometer,  its  total  increase  in  bulk  may,  in  general,  be  cal- 
culated by  trebling  the  number  which  expresses  its  increase  in  length. 
Thus,  if  a  tube  of  flint-glass  is  elongated  -J^-^th,  when  heated  from  the 
freezing  to  the  boiling  point  of  water,  its  cubic  space  will  be  increased  y^ts 
or  j^^  of  its  former  capacity,  It  is  scarcely  necessary  to  remark  that  this 
rule  is  not  strictly  accurate,  but  when  the  expansion  of  any  substance  cor- 
responding to  the  observed  increase  of  temperature  is  a  minute  fraction  of 
its  volume,  the  error  in  practice  will  be  altogether  insensible. 

60.  This  property  of  bodies,  and  particularly  of  the  metals, 
has  been  applied  to  various  useful  purposes  in  the  arts.  The 
iron  band  or  tire  of  a  carriage-wheel  is  made  a  little  smaller 
than  the  circumference  of  the  wheel,  but,  being  expanded,  is 
suflBiciently  enlarged  to  be  slipped  on ;  and  the  immediate  appli- 
cation of  water  prevents  it  from  burning  the  wood,  and  brings 
the  iron  to  its  original  dimensions,  causing  it  to  grasp  the  wheel 
with  great  firmness.  Other  examples  will  suggest  themselves 
to  the  mind  of  the  student. 

61.  The  expansions  and  contractions  of  bodies  by  change  of 
temperature  also  occasion  some  inconveniences.  The  accurate 
movement  of  clocks  depends  upon  the  length  of  their  pendu- 
lums, which  being  sensibly  affected  by  changes  of  temperature, 
they  are  made  to  go  faster  in  cold,  and  slower  in  warm 
weather. 

62.  Brittle  substances,  when  unequally  heated,  are  often 
broken  by  the  unequal  expansions  and  contractions  to  which 
they  are  liable.  The  danger  is  greater  if  the  substance  is  a  bad 
conductor  of  heat,  as  is  the  case  with  glass,  and  particularly  if 
it  is  thick.  Hence,  glass  vessels  that  are  to  be  used  about  the 
fire,  or  with  hot  water,  should  be  made  as  thin  as  is  consistent 
with  the  requisite  strength. 

Metallic  or  other  instruments  used  for  measuring  length  or 
capacity  vary  with  change  of  temperature — a  circumstance 
that  sometimes  occasions  serious  difficulty  where  very  great 
accuracy  of  measurement  is  required. 

63.  The  expansion  of  liquids  is  readily  shown  by  putting  a 
common  thermometer,  made  with  mercury  or  alcohol,  into 
warm  water,  when  the  dilatation  of  the  liquid  will  be  shown  by 
its  ascent  in  the  stem.  The  experiment  is,  indeed,  illustrative 
of  two  other  facts.  It  proves,  first,  that  the  dilatation  increases 
with  the  temperature ;  for  if  the  thermometer  be  plunged  into 
several  portions  of  water  heated  to  different  degrees,  the  ascent 
will  be  greatest  in  the  hottest  water,  and  least  in  the  coolest 
portions.  It  demonstrates,  secondly,  that  liquids  expand  more 
than  solids.  The  glass  bulb  of  the  thermometer  is  itself  ex- 
panded by  the  hot  water,  and,  therefore,  is  enabled  to  contain 
more  mercury  than  before ;  but  the  mercury,  being  dilated  to 
a  much  greater  extent,  not  only  occupies  the  additional  space 
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in  the  bulb,  but  likewise  rises  in  the  stem.  Its  ascent  marks 
the  difference  between  its  own  dilatation  and  that  of  the  glass, 
and  is  only  the  apparent,  not  the  actual  expansion  of  the  liquid. 

64.  Different  liquids  do  not  expand  to  the  same  degree  from 
an  equal  increase  of  temperature.  Ether  expands  more  than 
alcohol,  alcohol  more  than  water,  and  water  more  than  mer- 
cury. It  is  found  by  experiment  that  1000  cubic  inches  of 
water  at  32°  when  heated  to  212^  become  1046;  but  1000  cubic 
inches  of  mercury,  by  an  equal  elevation  of  temperature,  ex- 
pand only  to  1018  cubic  inches. 

All  experimenters  agree  that  liquids  expand  in  an  increas- 
ing ratio,  or  that  equal  increments  of  heat  cause  a  greater  dila- 
tation at  high  than  at  low  temperatures.  Thus,  if  a  liquid  is 
heated  from  32^  to  122°,  it  will  not  expand  so  much  as  it  would 
by  being  heated  from  122°  to  212°,  though  an  equal  number 
of  degrees  is  added  in  both  cases.  In  mercury  the  first  expan- 
sion is  to  the  second  as  14  to  15;  in  water  as  4.7  to  15. 

65.  There  is  a  peculiarity  in  the  effect  of  heat  upon  the  bulk 
of  some  liquids;  namely,  that  at  a  certain  temperature  increase 
of  heat  causes  them  to  contract,  and  its  diminution  makes  them 
expand.  But  this  singular  exception  to  the  general  effect  of 
heat,  is  observable  in  those  only  which  acquire  an  increase  of 
bulk  in  passing  from  the  liquid  to  the  solid  state,  and  is  le- 
marked  only  within  a  few  degrees  of  temperature  above  their 
pomt  of  congelation.  Water  is  a  noted  example  of  it.  Ice, 
except  in  the  case  of  anchor  or  ground  ice,  always  swims  upon 
the  surface  of  water,  a  circumstance  which  affords  convincing 
proof  that  in  freezing  it  must  expand.  The  specific  gravity  of 
ice  is  about  0.92 ;  so  that  water  in  freezing  must  expand  about 
1-1 1th  of  its  volume. 

This  expansion  takes  place  with  an  enormous  force,  the 
amount  of  which,  however,  has  not  been  determined. 

66.  But  it  is  not  merely  during  the  act  of  congelation  that 
water  expands,  for  it  begins  to  dilate  considerably  before  it  ac- 
tually freezes.  Dr.  Croune  noticed  this  phenomenon  so  early 
as  the  year  1683,  and  it  has  since  been  observed  by  various 
philosophers.  It  may  be  rendered  obvious  to  any  one  by  the 
following  experiment.  Fill  a  flask,  capable  of  holding  three  or 
four  ounces,  with  water  at  the  temperature  of  60°,  and  adapt 
to  it  a  cork,  through  which  passes  a  glass  tube  open  at  both 
ends,  about  the  eighth  of  an  inch  wide  and  ten  inches  long. 
After  having  filled  the  flask,  insert  the  cork  and  tube,  and  pour 
a  little  water  into  the  latter  till  the  liquid  rises  to  the  middle  of 
it.  On  immersing  the  flask  into  a  mixture  of  pounded  ice  and 
salt,  the  water  will  fall  in  the  tube,  marking  contraction ;  but 
in  a  short  time  an  opposite  movement  will  be  perceived,  indi- 
cating dilatation,  though  the  water  within  the  flask  is  at  the 
same  time  yielding  heat  to  the  freezing  mixture  in  which  it  is 
immersed. 
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67.  To  the  inference  deduced  from  this  experiment,  it  has  been  objected 
that  the  ascent  of  the  water  in  the  tube  does  not  arise  from  any  expansion 
in  the  liquid  itself,  but  from  a  contraction  of  the  flask,  by  which  its  capacity 
is  diminished.  In  fact,  this  cause  does  operate  to  a  certain  extent,  but  it  is 
by  no  means  sufficient  to  account  for  the  whole  effect ;  and,  accordingly,  it 
has  been  proved  by  an  elegant  and  decisive  experiment  of  Hope,  that 
water  does  really  expand  previous  to  congelation.  He  believes  the  greatest 
density  of  water  to  be  between  39.5°  and  40° ;  that  is,  boiling  water  obeys  the 
usual  law  till  it  has  cooled  to  the  temperature  of  about  40°,  aflcr  which  the 
abstraction  of  heat  produces  increase  instead  of  diminution  of  volume.  Ac- 
cording  to  Johnston,  {Report  on  Chemistry  to  the  British  Association^ 
1836,)  the  greatest  density  of  water  is  at  39.24°.    * 

68.  The  cause  of  the  expansion  of  water  at  the  moment  of 
freezing  is  attributed  to  a  new  and  peculiar  arrangement  of  its 
particles.  Ice  is  in  reality  crystalized  water,  and  during  its 
formation  the  particles  arrange  themselves  in  ranks  and  lines, 
which  cross  each  other  at  angles  of  60^  and  120°,  and  conse- 
quently occupy  more  space  than  when  liquid.  This  may  be 
seen  by  examining  the  surface  of  water  while  freezing  in  a 
saucer.  No  very  satisfactory  reason  can  be  assigned  for  the 
expansion  which  takes  place  previous  to  congelation.  It  is 
supposed,  indeed,  that  the  water  begins  to  arrange  itself  in  the 
order  it  will  assume  in  the  solid  state  before  actually  laying 
aside  the  liquid  form ;  and  this  explanation  is  generally  ad- 
mitted, not  so  much  because  it  has  been  proved  to  be  true,  but 
because  no  better  one  has  been  offered. 

69.  This  explanation  appears  very  plausible,  especially  when  viewed  in 
connection  with  another  theory  which,  however,  it  is  believed,  has  never 
been  published.  It  is  well  known  that,  in  certain  situations,  a  kind  of  ice 
called  anchor  or  ground  ice  forms  at  the  bottom  of  bodies  of  water,  instead 
of  the  surface,  as  is  always  the  case  with  common  ice.  This  ice  possesses 
little  if  any  tenacity,  and,  it  is  said,  appears  to  consist  entirely  of  minute 
crystals,  which  have  been  supposed  to  be  the  primary  crystals  of  water. 
Separately,  they  are  supposed  to  possess  a  higher  specific  gravity  tlian 
water,  but,  when  aggregated  according  to  the  law  stated  above,  at  angles 
of  60°  and  120°  to  form  common  ice,  on  account  of  the  interstices  necessa- 
rily left  among  them,  the  volume  is  so  increased  as  to  diminish  the  specific 
gravity  to  the  point  we  usually  witness. — {Manuscript  Notes  of  Professor 
Cleaveland^s  Lectures  in  Bowdoin  College^  in  the  year  1832.) 

70.  There  are  other  facts  bearing  on  this  question.     An  alloy  called 
'•^Rose's  fusible  metal,  formed  by  melting  together  2  parts  of  bismuth,  1  of 

lead,  and  1  of  tin,  fuses  at  about  200°,  but  its  point  of  greatest  density  is  at 
155^°.  When  heated  above  32°  it  expands  till  the  temperature  rises  to 
110|°;  it  then  begins  again  to  contract  till  heated  to  the  point  of  greatest 
density  above  mentioned.  These  facts  might  seem  to  require  some  different 
explanation,  but  it  is  known  that  even  in  the  solid  state  the  particles  of 
bodies  sometimes  undergo  a  great  change  in  their  crystaline  arrangement. 

Several  other  substances  expand  when  they  pass  from  the 
liquid  to  the  solid  state,  among  which  cast-iron,  bismuth,  and 
antimony  are  usually  mentioned.    Mercury  is  a  remarkable 
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instance  of  the  reverse ;  for  when  it  freezes  it  suffers  great  con- 
traction.   The  salts  also  expand  as  they  crystalize. 

IS  71,  The  most  important  effects  result  from  this  remarkable 
property  of  water  which  has  just  been  described.  If  the 
It  I  density  of  water  continued  to  increase  until  it  arrived  at  the 
«|  freezing  point,  as  is  the  case  with  mercury  and  other  liquids, 
<l  ice  would  be  heavier  than  water,  and  as  soon  as  formed  would 
*  I  subside  to  the  bottom  in  successive  flakes,  until  the  whole  of 
the  water,  however  deep,  would  become  solid.  The  effects  of 
such  an  arrangement  can  be  easily  conceived.  Countries, 
which,  in  the  present  state  of  things,  are  the  delightful  abodes 
of  innumerable  animated  beings,  would  be  rendered  uninhabi- 
table, and  must  inevitably  become  dreary  and  desolate  wastes. 
But,  since  water  expands  previously  to  its  freezing,  as  well  as 
during  this  change,  ice  is  lighter  than  water,  and  floats  upon 
its  surface,  protecting  the  water  from  the  further  influence  of 
frost 

72.  As  the  particles  of  air  and  aeriform  substances  are  not 
held  together  by  cohesion,  it  follows  that  increase  of  tempera- 
ture must  occasion  in  them  considerable  dilatation ;  and,  ac- 
cordingly, they  are  found  to  dilate  by  a  given  addition  of  heat 
much  more  than  solids  or  liquids ;  and  further,  that  the  expan- 
sions for  equal  increments  of  caloric  are  uniform  at  every  tem- 
perature. It  has  been  fully  established  by  the  investigation  of 
several  philosophers,  that  every  gas,  in  a  perfectly  dry  state, 
expands  about  ^^^  of  its  volume  at  32^  for  every  degree  it  is 
heated  above  this  point.  Hence,  100  parts  in  being  heated  from 
32^  to  212^  will  become  137.5  parts.  This  point  being  esta- 
blished, the  mathematician  will  easily  determine,  by  a  simple 
arithmetical  operation,  the  volume  any  given  quantity  of  gas 
should  occupy,  at  any  given  temperature. 

The  most  important  effects  result  from  the  expansions  and  contractions 
of  atmospheric  air,  by  changes  of  temperature.  To  these  changes  we  are 
indebted  for  the  currents  in  the  air  which  constitute  winds ;  for  the  ventila- 
tion of  our  rooms,  and  for  the  ascending  currents  in  chimneys  and  stoves. 

73.  TTiermometers. — The  idea  of  measuring  the  intensity  of 
heat  seems  first  to  have  been  entertained  by  Sanctorio,  a  pro- 
fessor of  philosophy  of  Padua,  Italy,  early  in  the  seventeenth 
century.  To  accomplish  this  object  he  made  use  of  the  expan- 
sive effect  of  heat  upon  atmospheric  air  ;  and  the  thermometer, 
or  thermoscope^  (as  it  was  then  called,)  which  he  constructed, 
consisted  simply  of  a  glass  tube  with  a  bulb  blown  at  one  ex- 
tremity, and  inverted  in  a  vessel  of  colored  water  or  other 
liquid.  By  applying  a  slight  heat  to  the  bulb,  a  portion  of 
the  air  was  forced  out;  and  when  it  returned  to  its  original 
temperature  the  liquid  of  course  rose  and  filled  a  part  of  the 
tube.  In  this  state  it  would  indicate  changes  of  temperature 
in  the  atmosphere  with  great  delicacy,  the  alternate  expansion 


and  contraction  of  the  confined  air  being  rendered  visible  ^_ 
the  corresponding  descent  and  ascent  ol'  the  colored  liquid  ll 
the  tube, 

74.  The  materisl  used  in  its  construction  also,  is  peculiarly 
approfiriate  i  because  air,  like  all  gases,  expanda  imJfornJy  by 
equal  increments  of  heat.  There  are,  however,  two  forcible 
objections  to  the  general  empJoymenl  of  this  thermometer. 
In  the  first  place,  its  dilatations  and  contractions  are  so  great 
that  it  is  inconvenient  to  measure  them  when  the  change  of 
temperature  is  considerable ;  and,  secondly,  its  movements  are 
influenced  by  pressure  as  well  as  by  heat,  so  that  the  instru- 
ment would  be  affected  by  variations  of  the  barometer,  thouj 
the  temperature  should  be  quite  stationary. 

Pjj.  4,  75.  For  these  reasons,  the  ( 

"r-thermometer    is   rarely  employe 

lit  a  modification  of  it,  desciit>ed  i 

1804,  by  Leslie,  in  bis  Essay  on  Hea 

under  the  name  of  Differential  7^ 

I  mometer.  Is  entirely  free  from  the  la 

{   objection,  and  is  admirably  fitted  S 

I  some  special  purposes.     This  instt 

\  ment  was  invented  about  a  century  aJ 

1  half  ago  by  Sturmius,  professor  ( 

I  mathematics  at  Altdorff,  but  like  oth 
air-thermometers  it  had  fallen  into  d 
use,  till  it  was  again  brought  into  notl 

II  by  Leslie.  As  now  made,  it  consit 
of  two  thin  glass  balls  joined  togetb 

I  by  a  tube,  bent  twice  at  a  right  ang. 
I  as  represented  in  the  annexed  figu^ 
I  Both  balls  contain  air,  but  the  great 
part  of  the  tube  is  filled  with  sulphui 
acid  coloured  with  carmine.  It  is  obi 
ous  that  the  instrument  cannot  be  i 
fected  by  any  change  of  temperatur 
actingequally  on  both  balls;  for  a  ' 
as  the  air  within  them  expands  o 
tracts  to  the  same  extent,  Ihe  pressure  on  the  opposite  surfucf 
of  the  liquid,  and  consequently  its  position,  will  continue  ui 
changed.  Hence  the  differrnlial  thermomeler  stands  at  th 
same  point,  however  tlie  temperature  of  the  medium  may  v 
But  the  slightest  diflerence  between  the  temperature  of  tJH^_ 
two  balls  will  instantly  be  detected;  for  the  elasticity  of  thfl 
air  on  one  side  being  then  greater  than  that  on  the  otberl 
the  liquid  will  retreat  fj-om  the  ball  whose  temperatur"  '" 
highest 

Still  another  modification  of  this  instniment  was  introduced  " 
some  years  since  by  Dr.  Howard  of  Baltimore.    He  substi- 
tuted ether  for  sulphuric  acid ;  and  having  expelled  the  air  by 


The  bulbs  H 
1  is  vastly  ^M 


boiling  the  ether,  the  tube  was  hermetically  sealed.    The 
are  therefore  filled  with  the  vapor  of  ether,  which 
more  sensitive  than  atmospheric  air. 

76.  Solid  substances  are  not  better  suited  to  the  construction 
of  thermometers  ihan  gases ;  for  while  the  expansion  of  the 
latter  is  too  great,  that  of  the  former  is  so  small  that  it  cannot 
be  measured  except  by  the  aduptatiun  of  complicated  ma- 
chinery. Liquids  which  expand  more  than  the  one  and  leas 
than  the  other,  are  exempt  from  both  extremes;  and,  conse- 
quently, we  must  search  among  them  for  a  material  with  which 
to  construct  a  thermometer.  The  principle  of  selection  is  plain. 
A  material  is  required  whose  expansions  are  uniform  and  whose 
boiling  and  freezing  points  are  very  remote  from  each  other. 
Mercury  fulfils  these  conditions  better  than  any  other  liquid. 
No  fluid  can  support  a  greater  degree  of  heat  without  boiling 
than  mercury,  and  none,  except  alcohol  and  ether,  can  endure 
a  more  intense  cold  without  freezing.  It  has,  besides,  the  ad- 
ditional advantage  of  t>cing  more  sensible  to  the  action  of  heat 
than  other  liquids,  while  its  dilatations  between  32>  and  212'^ 
are  almost  perfectly  uniform.  Strictly  speaking,  the  samequan- 
tity  of  heat  does  occasion  a  greater  dilatation  at  high  than  at 
iovr  temperatures,  so  that,  like  other  fluids,  it  expands  in  an  in- 
creasing ratio.  But  it  is  remarkable  that  this  ratio,  within  the 
limits  assigned,  is  exactly  the  same  as  that  of  glass;  and, 
tbererore,  if  contained  in  a  glass  tube,  the  increasing  expansion 
of  tbe  vessel  compensates  for  that  of  the  mercury. 

7T.  It  will  bo  nnnocotBiiry  hero  to  gire  a  minuit  rieicription  of  iha 
iDBllwd  of  making  Ihermdmctors,  qb,  nt  (ho  prcsdnt  day,  Ihcy  can  be  evory- 
irhers  obtainad  al:  a  eery  moderate  prioa.  "  Bciidei,  the  CDaBtructian, 
iboQgh  simple  in  theory,  is  liitiicull  in  practice.  It  requires  great  laaland 
dexterity  to  produce  one  or  very  moderate  goodness ;  and  withoot  atoadilj 
vatehing  the  pmr^as  as  performed  by  anotlier,  or  previoualj  ponBasinff 
DiDcti  praoltcai  iinowledBe  in  Eians-btowing,  &c.,  it  would  be  a  vain  aU- 
tempt.'' — Farada^'t  Chimical  Mampalatioa,  p.  144. 

78.  Ordinary  thermometers  consist  simply  of  a  glass  tube  of 
an  exceedingiy  small  bore  with  a  bulb  blown  at  one  extremity, 
and  filled  with  mercury  to  about  one-third  the  heipht  of  the 
Btetn.  The  air  being  expelled,  the  tube  is  hermetically  sealed, 
and  the  freezing  point  ascertained  by  holding  it  a  short  time 
in  water  containing  ice,  and  the  boiling  point  by  holding  it  in 
Hie  same  manner  m  boiling  water.  It  is  necessary  that  thesa ' 
two  points  should  be  accurately  determined,  in  order  that  Ihft' 
indications  of  dilferent  instruments  may  be  compared  with  each, 
other. 

79.  Having  determined  these  points,  the  interi-ening  space  i*' 
to  be  divided  into  equal  parts,  called  degrees;  and  in  fixing' 
upon  the  proper  number,  regard  to  convenience  alone  would 
-seem  to  be  our  guide.     Unfortunately  there  have  been  different 
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opinions  with  regard  to  this  point,  and  no  less  than  three  dif- 
ferent scales  are  in  use.  In  Fahrenheit's  thermometer,  which 
is  chiefly  used  in  this  country  and  in  England,  the  space  be- 
tween the  freezing  and  boiling  points  of  water  is  divided  into 
180  parts,  and  the  zero  is  placed  32  degrees  below  the  freezing 
point,  so  that  the  boiling  point  is  at  212.  In  the  centigrade 
thermometer,  which  is  generally  used  in  France,  the  space  is 
divided  into  100  parts,  zero  being  at  the  freezing  point,  and  of 
course  the  boiling  point  is  at  100.  In  Reaumur's  thermometer 
the  beginning  of  the  scale  or  zero  is  at  the  freezing  point,  but 
the  boiling  point  is  at  80.  This  thermometer  is  used  in  Ger- 
many and  Russia. 

But  the  numbers  180,  100,  and  80,  which  severally  represent 
the  number  of  degrees  on  the  above  scales,  are  to  each  other 
as  9,  5,  and  4.  Recollecting,  therefore,  that  the  zero  of  Fahren- 
heit is  32  degrees  below  that  of  the  other  scales,  the  expert 
arithmetician  will  find  no  difficulty  in  reducing  the  degrees  of 
one  scale  to  those  of  another. 

81.  Below  zero  of  each  of  the  scales,  and  above  the  boiling 
point,  degrees  are  usually  marked  of  precisely  equal  magni- 
tude with  those  of  other  parts  of  the  scale.  Temperatures 
below  zero  are  usually  indicated  by  placing  a  horizontal  line 
before  the  figures  representing  the  degrees.  Thus  — 12°  means 
12  degrees  below  zero  on  the  scale  used.  But  it  will  readily 
be  seen  that  a  liquid  cannot  be  used  to  indicate  temperatures 
below  its  freezing  and  above  its  boiling  point.  Hence,  for 
temperatures -below — 39^,  at  which  mercury  freezes,  alcohol 
thermometers  are  always  used;  but  no  liquid  can  sustain  a 
temperature  above  that  of  boiling  mercury,  which  is  about 
662°.  And  as  mercury  itself  expands  in  an  increasing  ratio 
as  the  temperature  rises,  the  indications  of  the  mercurial  ther- 
mometer above  212°  cannot  be  altogether  relied  on.  Alcohol 
may  be  used  for  any  degree  of  cold  yet  obtained ;  for  though 
the  common  alcohol  of  the  shops  is  readily  frozen  at  very  low 
temperatures,  yet  in  a  state  of  perfect  purity  it  has  recently 
been  subjected  to  a  cold  of — 146°,  by  Professor  Mitchell  of 
Philadelphia,  without  being  congealed. 

82.  Numerous  modifications  of  the  thermometer  have  ap- 
peared at  different  times,  some  of  them  exceedingly  curious 
and  adapted  to  particular  purposes ;  but  we  will  stop  to  de- 
scribe a  single  one  only.  For  many  purposes,  especially  making 
meteorological  observations,  it  is  often  very  desirable  to  ascer- 
tain the  highest  and  the  lowest  temperature  which  has  occurred 
in  a  given  interval  of  time,  during  the  absence  of  the  observer. 
An  instrument  which  is  now  much  used  for  this  purpose,  called 
a  Register  Thermometer,  was  invented  by  Rutherford  of 
Edinburgh.  It  in  fact  consists  of  two  thermometers  with  sepa- 
rate scales  upon  the  same  piece  of  wood  or  metal,  as  seen  in 
the  accompanying  figure.    The  stems  of  both  are  bent  at  right 
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angrles  a  little  distance  from  the  bulb,  so  as  to  be  conveniently 
placed  in  a  horizontal  position.  The  thermometer  for  ascer- 
taining the  lowest  temperature  is  made  with  alcohol,  and  in  the 
spirit  near  its  surface  in  the  stem  is  immersed  a  cylindrical 
piece  of  enamel  or  ivory,  of  such  size  as  to  move  freely  in  the 
tube.  When  the  spirit  contracts  by  exposure  to  cold,  the  small 
cylinder  is  drawn  towards  the  bulb  owing  to  its  adhesion  to 
the  liquid ;  but,  on  expanding,  the  spirit  passes  readily  beyond 
it,  leaving  it  at  the  extreme  point  to  which  it  had  been  drawn 
by  the  previous  contraction. 

For  registering  the  highest  temperature,  a  common  mercurial 
thermometer  of  the  same  form  as  the  preceding  is  employed, 
having  a  small  cylindrical  piece  of  black  enamel  or  polished 
steel  at  the  surface  of  the  mercury.  When  the  mercury  ex- 
pands, the  enamel  is  pushed  forward  ;  and,  as  the  stem  of  the 
thermometer  is  placed  horizontally,  it  does  not  recede  when 
the  mercury  contracts,  but  remains  at  the  spot  to  which  it  had 
been  conveyed  by  the  previous  dilatation.  The  enamel  in  the 
piercurial  and  the  ivory  in  the  spirit  thermometer,  are  easily 
restored  to  their  places  by  slight  percussion  when  held  a  little 
inclined. 

83.  Pyrometers. — Instruments  for  measuring  intense  degrees 
of  heat  are  called  pyrometers,  and  must  be  formed  either  of 
solid  or  gaseous  substances.  The  former  alone  have  been 
hitherto  employed,  though  the  latter,  from  the  greater  uni- 
formity with  which  they  expand,  are  better  calculated  for  the 
purpose.  The  action  of  most  pyrometers  depends  on  the 
elongation  of  a  metallic  bar  by  heat,  which  seems  very  simple, 
but  in  their  construction  several  difficulties  are  to  be  encoun- 
tered at  the  outset,  which  seem  almost  insuperable.  A  metal 
is  required  which  is  sufficiently  infusible,  capable  of  withstand- 
inof  the  action  of  fire,  and  of  uniform  expansibility ;  and  besides 
this,  at  high  temperatures  it  is  found  very  difficult  to  measure 
these  expansions  with  sufficient  accuracy. 

The  best  pyrometer  hitherto  constructed  is  that  of  Daniel  of  London, 
which  may  be  used  with  facility  and  appears  susceptible  of  gfeat  pre- 
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cision.  It  consists  of  a  bar  of  platinum  or  soft  iron,  so  placed  in  a  case  of 
black-lead  earthenware,  that  when  exposed  to  a  high  temperature,  the  bar, 
expanding  more  than  the  case,  pushes  forward  an  index  of  porcelain.  The 
exp'ioisions  of  the  bar  probably  are  not  strictly  uniform  at  different  tempera- 
tures;, but  still  they  ailbrd  a  good  practical  index  of  the  relative  intensity  of 
different  fires,  and  will  be  an  exact  measure  of  temperature  when  the  pre- 
cise rate  of  expansion  shall  have  been  determined. 

Tiie  pyrometer  of  VVedgewood,  to  which  reference  is  often  made  in  books 
of  science,  acts  on  a  different  principle  ;  but  as  it  is  no  longer  used,  in  con- 
sequence of  its  great  inaccuracy,  no  description  of  it  is  given. 

LICIUEPACTION. 

84.  All  bodies  are  either  solid,  liquid,  or  gaseous ;  and  the 
form  they  assume  depends  on  the  relative  intensity  of  cohesion 
and  repulsion.  Should  the  repulsive  force  be  comparatively 
feeble,  the  particles  will  adhere  so  firmly  together,  that  they 
cannot  move  freely  upon  one  another,  thus  constituting  a  solid. 
If  cohesion  is  so  far  counteracted  by  repulsion  that  the  particles 
move  on  each  other  freely,  a  liquid  is  formed,  and,  should  the 
cohesive  attraction  be  entirely  overcome,  so  that  the  particles 
not  only  move  freely  on  each  other,  but  would,  unless  restrained 
by  external  pressure,  separate  from  one  another  to  an  indefi- 
nite extent,  an  aeriform  substance  will  be  produced. 

85.  Now  the  property  of  repulsion  is  manifestly  owing  to 
heat;  and  as  it  is  easy  within  certain  limits  to  increase  or  di- 
minish the  quantity  of  this  principle  in  any  substance,  it  follows 
that  the  forms  of^ bodies  may  be  made  to  vary  at  pleasure: 
that  is,  by  heat  sufficiently  intense  every  solid  may  be  converted 
into  a  liquid,  and  every  liquid  into  vapor.  This  inference 
is  so  far  justified  by  experience  that  it  may  justly  be  considered 
as  a  law.  The  converse  ought  also  to  be  true,  and,  accord^ 
ingly,  several  of  the  gases  have  already  been  condensed  into 
liquids  by  means  of  pressure,  and  liquids  have  been  solidified 
by  cold.  The  temperature  at  which  liquefaction  takes  place  is 
called  the  melting  point,  or  point  of  fusion  ;  and  that  at  which 
liquids  solidify,  their  freezing  point,  or  point  of  congelation. 
Both  these  points  are  different  for  different  substances,  but 
uniformly  the  same,  under  similar  circumstances,  in  the  same 
body. 

86.  The  most  important  circumstance  relative  to  liquefaction 
is  the  discovery  of  Dr.  Black,  that  a  large  quantity  of  heat  dis- 
appears, or  becomes  insensible  to  the  thermometer,  during  the 
process.  If  a  pound  of  water  at  32^  be  mixed  with  a  pound 
of  water  at  172^,  the  temperature  of  the  mixture  will  be  inter- 
mediate between  them,  or  102^.  But  if  a  pound  of  water  at 
172'^  be  added  to  a  pound  of  ice  at  32^,  the  ice  will  quickly 
dissolve,  and  on  placing  a  thermometer  in  the  mixture,  it  will 
be  found  to  stand,  not  at  102°,  but  at  32°.    In  this  experiment, 
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the  pound  of  hot  water,  which  was  originally  at  172^,  actually 
loses  140^  of  heat,  all  of  which  enters  into  the  ice,  and  causes 
its  liquefaction,  without  affecting  its  temperature ;  whence  it 
follows  that  a  quantity  of  heat  becomes  insensible  during  the 
melting  of  ice,  sufficient  to  raise  the  temperature  of  an  equal 
weight  of  water  by  140°.  This  explains  the  well-known  fact, 
on  which  the  graduation  of  the  thermometer  depends, — ^that 
the  temperature  of  melting  ice  and  snow  never  exceeds  32°. 
All  the  heat  which  is  added  becomes  insensible,  till  the  lique- 
faction is  complete. 

87.  The  loss  of  sensible  heat  which  attends  liquefaction  seems 
essentially  necessary  to  the  change,  and  for  that  reason  is  fre- 
quently called  the  lieat  of  fluidity.  The  actual  quantity  of  heat 
required  for  this  purpose  varies  with  the  substance,  as  is  proved 
by  the  following  result  obtained  by  Irvine.  The  degrees  indi- 
cate the  extent  to  which  an  equal  weight  of  each  material  may 
be  heated  by  the  heat  of  fluidity  which  is  proper  to  it. 


Heat  of  Fluidity. 

Sulphur 143.68°  F. 

Spermaceti 145° 

Lead 162 

Beeswax 175 


Heai  of  Fluidity, 

Zinc 493°  F. 

Tin 500 

Bismuth 550 


That  a  large  quantity  of  caloric  is  absorbed  during  the  melting  of  ice 
may  be  shown  very  satisfactorily  by  the  following  familiar  experiment : — 
Let  a  quantity  of  ice  or  snow  be  exposed  to  a  uniform  fire,  and  the  number 
of  seconds  noted  that  are  required  for  it  to  melt,  and  also  the  further  number 
of  seconds  that  elapse  before  it  begins  to  boil.  Now  as  the  heat  is  supposed 
to  be  uniform,  the  quantities  of  caloric  absorbed  will  be  as  the  times ;  and 
we  shall  therefore  have  the  ratio  of  the  quantity  of  caloric  required  to  melt 
the  ice,  to  the  quantity  required  to  raise  the  temperature  of  the  water,  (afler 
the  ice  is  melted,)  to  '\\»  boiling  point.  The  times  will  be  found  about  as 
140  to  180,  or  7  to  9. 

88.  Liquefaction  is  generally  produced  by  the  direct  appli- 
cation of  heat,  but  this  is  not  always  necessary;  and  the  great 
absorption  of  caloric  becomes  still  more  evident  when  it  can 
be  effected  by  other  means.  Examples  of  this  kind  are  furnished 
in  freezing  mixtures,  in  which  liquefaction  more  or  less  rapid 
is  produced  by  the  affinity  of  the  substances  used  for  each 
other.  Thus  when  snow  and  common  salt  are  mixed  together, 
in  consequence  of  their  affinity  for  each  other,  they  combine 
rapidly,  passing  at  the  same  time  from  the  solid  to  the  liquid 
form,  and  producing  intense  cold  by  the  absorption  of  caloric 
from  surrounding  objects.  A  mixture  of  snow  and  chloride 
of  calcium  produces  much  greater  cold;  and  many  other  mix- 
tures may  be  used  for  this  purpose,  even  without  any  snow  or 
ice.     Indeed  caloric  is  always  absorbed  during  the  solution  of 

a  salt ;  and  the  amount  of  the  absorption,  and,  of  course,  the 
4* 
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intensity  of  the  cold  produced,  will  depend  upon  the  rapidity 
with  which  the  solution  takes  place* 

89.  The  fact  is  therefore  clearly  established  that  solids  in 
changing  to  liquids  absorb  caloric;  and,  of  course,  w^hen 
liquids  congeal,  caloric  must  be  given  out :  —  the  caloric  that 
was  before  absorbed  now  becomes  sensible.  This  is  not  merely 
a  deduction  of  theory ;  it  is  supported  by  facts.  The  freezing 
point  of  water  is  at  32^,  but  by  Iceeping  it  very  tranquil  it  may 
be  cooled  down  to  21°  and  even  lower;  but,  as  soon  as  con- 
gelation commences,  the  temperature  rises  to  32^  in  conse- 
quence of  the  caloric  which  is  given  out  by  the  portion  which 
has  become  solid.  Saturated  solutions  of  several  of  the  salts 
made  at  elevated  temperatures,  upon  being  slowly  cooled,  ex- 
hibit the  same  phenomenon. 

A  beautiful  experiment  may  be  performed  by  dissolving  two  or  three 
parts  of  sulphate  of  soda  in  one  part  of  hot  water,  and  setting  it  aside  in  a 
closely  corked  vial  till  it  cools.  If  now  the  cork  is  removed,  or  the  vessel 
violently  agitated,  the  salt  will  immediately  crystalize,  and  a  thermometer 
placed  in  it  will  rise  several  degrees. 

90.  We  cannot  but  notice  here  the  beautiful  and  unexpected 
manner  by  which  nature,  to  some  extent  at  least,  checks  the 
cold  of  winter,  which  might  otherwise  be  destructive.  The 
cold  atmosphere  causes  large  quantities  of  water  to  congeal, 
but  at  the  same  time  heat  is  given  out  which  without  question 
prevents  so  great  a  reduction  of  temperature  as  might,  but  for 
this  circumstance,  be  experienced. 

The  peculiar  means  by  which  the  temperature  is  limited  in 
the  opposite  direction,  will  be  noticed  more  appropriately  in 
another  place. 

91.  The  important  facts  noticed  above  are  beautifully  ex- 
plained by  a  theory  proposed  by  Dr.  Black.  He  supposes 
caloric  to  exist  in  two  states,  latent  or  combined^  and  free  or  wn- 
combined.  When  a  solid  becomes  liquid,  he  supposes  a  quantity 
of  caloric  combines  with  that  substance,  and  thus  becomes 
latent  or  insensible  and  incapable  of  acting  on  the  thermometer; 
and  therefore  liquefaction  always  takes  place  gradually.  On 
the  other  hand,  when  a  liquid  is  cooled  down  to  a  certain  point, 
it  parts  with  its  caloric  of  fluidity,  which  now  becomes  sensible, 
and  takes  the  solid  form. 

92.  The  greatest  cold  yet  produced  by  means  of  freezing 
mixtures  is  something  less  than  100  degrees  below  zero,  but 
by  means  of  solid  carbonic  acid,  as  we  shall  hereafter  see,  a 
'temperature  has  been  attained  considerably  below  this.  No- 
thing, however,  seems  as  yet  to  be  determined  concerning  the 
absolute  zero ;  nor  is  it  supposed  to  be  possible  to  deprive  a 
body  entirely  of  its  caloric. 

*  Numerous  recipes  for  forming  freezing  mixtures,  both  with  and  without 
ice  or  snow,  are  given  in  more  extended  works  on  chemistry,  to  which  the 
intelligent  student  is  referred. 
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VAPORIZATION. 


93.  Aeriform  substances  are  commonly  divided  into  vapors 
and  gases.  The  character  of  the  former  is  that  they  may  be 
readiJy  converted  into  liquids  or  solids,  either  by  a  moderate 
increase  of  pressure,  the  temperature  at  which  they  were  formed 
remaining  the  same,  or  by  a  moderate  diminution  of  that  tem- 
perature, without  change  of  pressure.  Gases,  on  the  contrary, 
retain  their  elastic  state  more  obstinately;  they  are  always 
gaseous  at  common  temperatures,  and,  with  one  or  two  excep- 
tions, cannot  be  made  to  change  their  form,  unless  by  being 
subjected  to  much  greater  pressure  than  they  are  naturally 
exposed  to.  Several  of  them,  indeed,  have  hitherto  resisted 
every  effort  to  compress  them  into  liquids.  The  only  difference 
between  gases  and  vapors  is  in  the  relative  forces  with  which 
they  resist  condensation. 

94.  Heat  appears  to  be  the  cause  of  vaporization,  as  well  as 
of  liquefaction ;  and  a  suflScienlly  intense  heat  would  doubtless 
convert  every  liquid  and  solid  into  vapor.  Some  bodies,  how- 
ever, resist  the  strongest  heat  of  our  furnaces  without  vapor- 
izing. These  are  said  to  be  fixed  in  the  fire :  those  which, 
under  the  same  circiunstances,  are  converted  into  vapor,  are 
called  volatile. 

95.  The  disposition  of  various  substances  to  yield  vapor  is 
very  different ;  and  the  difference  depends  doubtless  on  the 
relative  power  of  cohesion  with  which  they  are  endowed. 
Liquids  are,  in  general,  more  easily  vaporized  than  solids,  as 
would  be  expected  from  the  weaker  cohesion  of  the  former. 
Some  solids,  such  as  arsenic  and  sal  ammoniac,  pass  at  once 
into  vapor  without  being  liquefied ;  but  most  of  them  become 
liquid  before  assuming  the  elastic  condition. 

96.  Vapors  occupy  more  space  than  the  substances  from 
which  they  were  produced.  Gay  Lussac  found  that  water  in 
passing  into  vapor  from  its  point  of  greatest  density,  expands 
to  1696  times*  its  volume,  alcohol  to  659  times,  and  ether  to  443 
times,  each  vapor  being  at  a  temperature  of  212°  F.  and  under 
a  pressure  of  29.92  inches  of  mercury.  This  shows  that  vapors 
differ  in  density.  Watery  vapor  is  lighter  than  air  at  the  same 
temperature  and  pressure,  in  the  proportion  of  1000  to  1604 ;  or 
the  density  of  air  being  1000,  that  of  watery  vapor  is  625.  The 
vapor  of  alcohol,  on  the  contrary,  is  half  as  heavy  again  as  air ; 
and  that  of  ether  is  more  than  twice  and  a  half  as  heavy. 

97.  Vaporization  may,  perhaps,  be  more  conveniently  studied 
under  the  twx)  heads.  Ebullition  and  Evaporation.  In  the  first, 
the  production  of  vapor  is  usually  beneath  the  surface  where 

*  According  to  Donovan  (Chemistry,  page  52,)  water  in  passing  into  steam 
expands  1719  times,  the  water  being  supposed  to  be  at  60°  and  tne  steam  at 
212°.  Ordinarily  we  may  say  a  cubic  inch  of  water  will  form  a  cubic  foot 
of  steam. 


44  MANUAL    OF    CHEMISTRY. 

the  heat  is  applied,  and  is  so  rapid  that  its  escape  through  the 
liquid  gives  rise  to  a  visible  commotion  in  it ;  in  the  second,  it 
passes  off  quietly  and  insensibly  from  the  surface. 

98.  Ebullition,— The  temperature  at  which  vapor  rises  with 
sufficient  freedom  for  causing  the  phenomena  of  ebullition  is 
called  the  boiling  point.  The  heat  requisite  for  this  effect  varies 
with  the  nature  of  the  liquid.  Thus,  sulphuric  ether  boils  at 
96°,  alcohol  at  176,  and  pure  water  at  212;  while  oil  of  tur- 
pentine must  be  raised  to  316°,  and  mercury  to  662,  before  either 
exhibits  marks  of  ebullition.  The  boiling  point  of  the  same 
liquid  is  constant,  so  long  as  the  necessary  conditions  are  pre- 
served ;  but  it  is  liable  to  be  affected  by  several  circumstances. 
The  nature  of  the  vessel  has  some  influence  upon  it.  Thus  Gay 
Lussac  observed  that  pure  water  boils  precisely  at  212^  in  a 
metallic  vessel,  and  at  214°  in  one  of  glass,  owing  apparently 
to  its  adhering  to  glass  more  powerfully  than  to  a  metal.  It  is 
likewise  affected  by  the  presence  of  foreign  particles ;  when  a 
few  iron  filings  are  thrown  into  water,  boiling  in  a  glass  vessel, 
its  temperature  quickly  falls  from  214°  to  212,  and  remains  sta- 
tionary at  the  latter  point.  But  the  circumstance  which  has  the 
greatest  influence  over  the  boiling  point  of  liquids  is  variation 
of  pressure.  All  bodies  upon  the  earth  are  constantly  exposed 
to  considerable  pressure ;  for  the  atmosphere  itself  presses  with 
a  force  equivalent  to  a  weight  of  15  pounds  on  every  square  inch 
of  surface.  Liquids  are  exposed  to  this  pressure  as  well  as  solids, 
and  their  tendency  to  take  the  form  of  vapor  is  very  much  coun- 
teracted by  it.  In  fact,  they  cannot  enter  into  ebullition  at  all,  till 
their  particles  have  acquired  such  elastic  force  as  enables  them  to 
overcome  the  pressure  upon  their  surfaces ;  that  is,  till  they  press 
against  the  atmosphere  with  the  same  force  as  the  atmosphere 
against  them.  Now  the  atmospheric  pressure  is  variable,  and 
hence  it  follows  that  the  boiling  point  of  liquids  must  also  vary. 

99.  The  pressure  of  the  atmosphere  is  equal  to  a  weight  of  15 
pounds  on  every  square  inch  of  surface,  when  the  barometer 
stands  at  30  inches,  and  then  only  does  water  boil  at  212^. 
If  the  pressure  be  less,  that  is,  if  the  barometer  fall  below  30 
inches,  then  the  boiling  point  of  water,  and  other  liquids,  will 
be  lower  than  usual ;  or  if  the  barometer  rise  above  30  inches, 
the  temperature  of  ebullition  will  be  proportionally  increased. 
On  this  account  water  boils  at  a  lower  temperature  on  the  top 
of  a  hill  than  in  the  valley  beneath  it ;  for  as  the  column  of  air 
diminishes  in  length  as  we  ascend,  its  pressure  must  likewise 
suffer  a  proportional  diminution.  The  ratio  between  the  de- 
pression of  the  boiling  point  and  the  diminution  of  the  atmo- 
sphere is  so  exact  that  it  has  been  proposed  as  a  method  for 
determining  the  height  of  mountains.  An  elevation  of  530  feet 
makes  a  diminution  of  one  degree  of  Fahrenheit. 

100.  The  influence  of  the  atmosphere  over  the  point  of  ebullition 
is  best  shown  by  removing  its  pressure  altogether.    It  is  found 
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that  in  a  perfect  vacuum  liquids  boil  at  a  temperature  140  de- 
grees lower  than  in  the  open  air.  Thus  water  boils  in  a  vacuum 
at  72',  alcohol  at  36^,  and  ether  at  —46=.  A  liquid,  therefore,  is 
not  necessarily  hot  because  it  boils;  but  the  particular  tempera- 
ture required  to  produce  this  efTect  will  depend  upon  circum- 
stances, as  seen  above. 

rig.  0,  The  effect  of  dimiiiiahed  almosplierio  preasore  may 

■b         also  b«  ahawn  by  eiling  u  Florence  Oaek  about  half 

Sb         full  of  water,  aad  cauBmg  it  to  bail  a  minute  briekly 

^^^_^^flL^    over  >  apirit-lamp,  so  as  to  expo)  entiielj  the  air  con- 

^^^^^^^B^^  tained  in  it.     If  now  a  eork  be  Grmly  preesed  into  the 

^^^^^^^^9H  neck  of  the  flask,  and  the  lamp  instantly  renioved,  the 


le  water,  the  BlcaiQ  will  bo  condensed  more  rapidly, 
I  and  the  bialjng  will  be  more  violent. 

n  the  contents  of  the  flask  have  become  entirely 
,  .  I  agitating  it,  tbe  water  will  bo  observed  to 
strike  the  inside  of  the  glass  like  shot  or  bail,  or  it 
maj  be  thrown  from  side  to  side  in  an  unbroken  mass 
like  ■  solid.  This  is  occasioned  by  there  being  iio 
atmosphere  within  to  break  the  mass  into  loam  as  i* 
UDill;  the  case. 

101.  Water  cannot  be  heated  under  common  circumstances 
beyond  212' ;  because  it  then  acquires  such  expansive  force  - 
as  enables  it  to  overcome  the  atmospheric  pressure,  and  fly  oflT 
in  the  form  of  vapor.  But  if  subjected  to  sufficient  pressure,  It 
may  be  healed  to  any  extent  without  boiling.  This  is  best 
done  by  heating  water  while  confined  in  a  strong  copper  ves- 
sel, called  Papin's  digester.  In  this  apparatus,  on  the  applica- 
tion of  heat,  a  large  quantity  of  vapor  collects  above  the  water, 
and  checks  ebullition  by  the  pressure  which  it  exerts  upon  the 
Gurface  of  the  liquid.  There  is  no  limit  to  the  degree  to  which 
water  may  thus  be  heated,  provided  the  vessel  is  strong  enough 
to  confine  the  vapor ;  but  the  expansive  force  of  steam  under 
these  circumstances  is  so  enormous  aa  to  overcome  the  greatest 
resistance. 

It  has  been  determined  by  experiment  that  the  tension  of 
steam  is  equal  to  two  atmospheres  at  about  250',  three  atmo. 
spheres  at  275°,  and  four,  at  about  293.7°.  To  produce  a  prea- 
sure  of  twenty-five  atmospheres,  a  temperature  of  439'  only  ia 
required.     This  would  be  about  sufficient  to  melt  tin. 

102.  The  elasticity  of  steam  is  employed  as  a  moving  power 
in  the  steam-engine.  Theconstructionofthis  machine  depends 
on  two  properties  of  steam,  namely,  the  expansive  force  com- 
municated to  it  by  heat,  and  its  ready  conversion  into  water 
by  cold.  Tlie  effect  of  both  these  properties  is  well  shown  by 
a  little  instrument  devised  by  Wollaston.  It  consists  of  a  cyliu- 
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drical  glass  tube,  six  inches  long,  nearly  an  inch  wide,  and 
blown  out  into  a  spherical  enlargement  at  one  end.  A  piston 
is  accurately  fitted  to  the  cylinder,  so  as  to  move  up  and  down 
the  tube  with  freedom.  When  the  piston  is  at  the  bottom  of 
the  tube,  it  is  forced  up  by  causing  a  portion  of  water,  previ- 
ously placed  in  the  ball,  to  boil  by  means  of  a  spirit-lamp.  On 
dipping  the  ball  into  cold  water,  the  steam  which  occupies  the 
cylinder  is  suddenly  condensed,  and  the  piston  forced  down  by 
the  pressure  of  the  air  above  it.  By  the  alternate  application 
of  heat  and  cold,  the  same  movements  are  reproduced,  and  may 
be  repeated  for  any  length  of  time. 

The  moving  power  of  the  steam-engine  is  the  same  as  in 
this  apparatus.  The  only  essential  difference  between  them  is 
in  the  mode  of  condensing  the  steam.  In  a  steam-engine,  the 
steam  is  condensed  in  a  separate  vessel,  called  the  condenser, 
where  there  is  a  regular  supply  of  cold  water  for  the  purpose. 
By  this  contrivance,  which  constitutes  the  great  improvement 
of  Watt,  the  temperature  of  the  cylinder  never  falls  below  212 
degrees. 

103.  The  formation  of  vapor  is  attended,  like  liquefaction, 
with  loss  of  sensible  heat.  This  is  proved  by  the  well-known 
fact  that  the  temperature  of  steam  is  precisely  the  same  as  that 
of  the  boiling  water  fi^om  which  it  rises ;  so  that  all  the  heat 
which  enters  into  the  liquid  is  solely  employed  in  converting 
a  portion  of  it  into  vapor,  without  affecting  the  temperature 
of  either  in  the  slightest  degree,  provided  the  latter  is  permitted 
to  escape  with  fireedom.  The  heat  which  then  becomes  latent,  to 
use  the  language  of  Black  (91),  is  again  set  free  when  the  vapor 
is  condensed  into  water.  The  exact  quantity  of  heat  rendered 
insensible  by  vaporization,  may,  therefore,  be  ascertained  by 
condensing  the  vapor  into  cold  water,  and  observing  the  rise 
of  temperature  which  ensues.  From  experiments  conducted 
on  this  principle,  it  appears  that  steam  of  212°,  in  being  con- 
densed into  water  of  212°,  gives  out  as  much  heat  as  would 
raise  the  temperature  of  an  equal  weight  of  water  by  950  de- 
grees, all  of  which  had  previously  existed  in  the  vapor  without 
being  sensible  to  a  thermometer. 

104.  The  process  of  distillation  consists  simply  in  evapo- 
rating a  substance  and  again  condensing  the  vapor  by  causing 
it  to  come  in  contact  with  a  cold  surface.  This  is  usually 
accomplished  by  having  a  tube  of  considerable  length  lead- 
ing from  the  top  of  a  close  boiler  and  passing  in  the  form 
of  a  spiral  through  a  vessel  which  is  kept  filled  with  cold 
water. 

Distillation  on  a  small  scale  may  be  very  well  performed  in  a  glass 
alembic,  by  means  of  a  spirit-lamp,  as  represented  in  Fig.  7.  The  body  of 
the  alembio  a  is  to  receive  the  liquid  to  be  distilled,  and  the  capital  e  is 
so  constructed  that  any  liquid  which  is  condensed  in  it  docs  not  again 
descend  to  a,  but  passes  into  d  the  receiver.    The  vapor  is  formed  in  a  by 
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^8'  7.  the  heal  of  the  lamp  5,  and 

is  condensed  in  c  and  d^  in 
the  last  of  which  it  is  col. 
lected.  The  receiver  d  is 
to  be  kept  cold  by  the  con- 
stant  application  of  water 
if  necessary.  Any  uncon- 
densed  vapor  is  permitted  to 
escape  from  d^  where  also 
the  liquid  distilled  may  also 
be  received  as  it  forms. 

By  this  process  vola- 
tile substances,  whether 
liquid  or  solid,  may  be 
separated  from  those 
that  are  fixed,  or  even 
from  such  as  are  less 
volatile  than  themselves.  Water  is  distilled  to  purify  it  from 
salts  or  other  substances  it  may  contain  in  solution  or  suspen- 
sion ;  and  alcohol  by  distillation  is  separated  from  water  which 
Is  less  volatile  than  itself,  as  well  as  from  fixed  substances. 
When  the  less  volatile  substance  is  retained,  the  term  condensa' 
tion  is  generally  used.  Thus  the  condensation  of  sulphuric 
acid  consists  merely  in  the  expulsion  of  the  water  it  contains 
by  heat. 

The  term  sublimation  is  generally  used  when  a  solid  is  sub- 
jected to  this  process  Thus  sulphur,  vermilion,  and  corrosive 
sublimate,  are  purified  by  sublimation,  which,  however,  in  prin- 
ciple is  precisely  the  same  as  the  distillation  of  a  liquid.  But 
the  terms  are  in  some  cases  used  synonymously. 

105.  Evaporation. — Evaporation  as  well  as  ebullition  con- 
sists in  the  formation  of  vapor,  and  the  only  assignable  dif- 
ference between  them  is  that  the  one  takes  place  quietly,  the 
other  with  the  appearance  of  boiling.  Evaporation  occurs  at 
common  temperatures.  This  fact  may  be  proved  by  exposing 
water  in  a  shallow  vessel  to  the  air  for  a  few  days,  when  it  will 
gradually  diminish,  and  at  last  disappear  entirely.  Most  liquids, 
if  not  all  of  them,  are  susceptible  of  this  gradual  dissipation ; 
and  it  may  also  be  observed  in  some  solids,  as  for  example  in 
camphor.  Evaporation  is  much  more  rapid  in  some  liquids 
than  in  others,  and  it  is  always  found  that  those  which  have 
the  lowest  boiling  point  evaporate  with  the  greatest  rapidity. 
Thus  alcohol,  which  boils  at  a  lower  temperature  than  water, 
evaporates  also  more  freely ;  and  ether,  whose  point  of  ebulli- 
tion is  yet  lower  than  that  of  alcohol,  evaporates  with  still 
greater  rapidity. 

The  chief  circumstances  that  influence  the  process  of  evapo- 
ration are  extent  of  surface,  and  the  state  of  the  air  as  to  tem- 
perature, dryness,  stillness,  and  density. 
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106.  Caloric  is  absorbed  during  the  slow  conversion  of  a 
liquid  into  a  gas  in  evaporation  as  well  as  during  ebullition, 
and  it  of  course  follows  that  cold  should  be  produced*  This 
fact  may  readily  be  proved  by  letting  a  few  drops  of  ether 
evaporate  from  the  hand,  when  a  strong  sensation  of  cold  will 
be  excited ;  or  if  the  bulb  of  a  thermometer,  covered  with  lint, 
be  moistened  with  ether,  the  production  of  cold  will  be  marked 
by  the  descent  of  the  mercury.  But  to  appreciate  the  degree 
of  cold  which  may  be  produced  by  evaporation,  it  is  necessary 
to  render  it  very  rapid  and  abundant  by  artificial  processes; 
and  the  best  means  of  doing  so,  is  by  removing  pressure  firom 
the  surface  of  volatile  liquids.  Water  placed  under  the  ex- 
hausted receiver  of  an  air-pump  evaporates  with  great  rapidity, 
and  so  much  cold  is  generated  as  would  fi-eeze  the  water,  did 
the  vapor  continue  to  rise  for  some  time  with  the  same  velocity. 
But  the  vapor  itself  soon  fills  the  vacuum,  and  retards  the 
evaporation  by  pressing  upon  the  surface  of  the  water.  This 
difficulty  may  be  avoided  by  putting  under  the  receiver  a 
substance,  such  as  sulphuric  acid,  which  has  the  property  of 
absorbing  watery  vapor,  and  consequently  of  removing  it  as 
quickly  as  it  is  formed.  Such  is  the  principle  of  Leslie's  method 
for  freezing  water  by  its  own  evaporation. 

107.  The  action  of  the  cryophorus,  an  ingenious  contrivance 
of  Wollaston,  depends  on  the  same  principle.  It  consists  of 
two  glass  balls,  perfectly  free  from  air,  and  joined  together  by 
a  tube,  as  here  represented. 

Fig.  a 


One  of  the  balls  contains  a  portion  of  distilled  water,  while 
the  other  parts  of  the  instrument,  which  appear  empty,  are  fuU 
of  aqueous  vapor,  which  checks  the  evaporation  from  the  water 
by  the  pressure  it  exerts  upon  its  surface.  But  when  the  empty 
ball  is  plunged  into  a  freezing  mixture,  all  the  vapor  within  it 
is  condensed;  evaporation  commences  from  the  surface  of  the 
water  in  the  outer  ball,  and  it  is  frozen  in  two  or  three  minutes 
by  the  cold  thus  produced. 

Fig.  9.  The  pulse-glass  is  a  well-known  toy 

constructed  on  the  same  principle,  only 
alcohol  is  used  instead  of  water.  On  one 
of  the  bulbs  is  seen  a  small  projection, 
through  which  when  open  the  alcohol  is 
introduced,  and  from  which  the  air  is  ex- 
pelled by  the  vapor  of  alcohol,  which  is  made  to  boil^by  being"  held  over  a 
spirit-lamp.  While  the  vapor  of  alcohol  is  escaping,  the  point  is  suddenly 
closed  by  the  blowpipe,  and  nothing  of  course  is  contained  within  but  alcobw 
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and  its  vapor.  By  graspingf  one  of  the  balbs  firmly  in  the  hand,  the  vapor 
by  its  expansion  will  immediately  force  all  the  liquid  into  the  other ;  and 
the  moment  it  has  all  passed  through  the  stem  an  Appearance  of  violent 
ebullition  is  produced,  attended  by  a  distinct  sensation  of  cold  in  the  hand 
which  grasps  the  bulb.  This  is  occasioned  by  the  rapid  evaporation  of  the 
film  of  liquid  lining  the  inside  of  the  bulb. 

108.  The  effect  of  evaporation  in  withdrawing  heat  is  admira- 
bly illustrated  by  the  process  of  perspiration.  The  natural  tem- 
perature of  the  human  body  is  about  98°,  but  when  we  take 
active  exercise,  or  when  we  are  exposed  to  a  great  degree  of 
heat,  there  is  a  tendency  to  a  rise  of  temperature  above  that 
which  is  conducive  to  health ;  and  the  most  injurious  effects 
would  ensue,  if  they  were  not  prevented  by  the  reduction  of 
the  temj^erature  occasioned  by  perspiration. 

109.  Examples  of  the  power  of  the  human  body  to  sustain 
great  and  apparently  even  dangerous  elevations  of  temperature 
are  on  record.  It  is  well  known  that  individuals  have  volun- 
tarily exposed  themselves  for  several  minutes,  in  ovens,  to 
temperatures  even  a  hundred  degrees  above  that  of  boiling 
water,  without  suffering  any  injury.  The  very  rapid  perspira- 
tion that  takes  place  in  such  circumstances,  prevents  the  de- 
structive elevation  of  temperature  in  the  system  which  would 
otherwise  take  place. 

In  the  same  manner  the  high  temperature  of  summer  is  miti- 
gated by  the  evaporation  of  water  from  the  surface  of  the  earth. 
Some  time  since  (90)  we  saw  that  the  caloric  which  is  given 
out  by  the  freezing  of  water  in  winter,  prevents  the  low  reduc- 
tion of  temperature  that  would  otherwise  be  experienced;  and 
we  cannot  here  less  admire  the  wonderful  provision  of  Provi- 
dence by  which,  on  the  other  hand,  the  excessive  heat  of  sum- 
mer is,  to  some  extent,  limited. 

1 10.  Porous  earthen  vessels  are  often  used  in  hotels  and  other 
places  in  warm  weather  to  contain  water  for  drinking.  A  portion 
of  the  water  gradually  exudes  through  the  vessels,  and  evapo- 
rates from  the  surface,  by  which  that  within  is  kept  several  de- 
grees colder  than  the  temperature  of  the  atmosphere.  Such  ves- 
sels are  said  to  be  much  used  in  Spain,  where  they  are  called 
alcarrazas.  People  crossing  the  deserts  of  Arabia  in  caravans 
are  said  sometimes  to  load  camels  with  earthenware  bottles 
filled  with  water,  which  is  kept  cool  by  wrapping  the  jars  with 
linen  cloths,  and  keeping  them  moist  with  water. 

111.  liiquids,  which  evaporate  more  rapidly  than  water, 
cause  a  still  greater  reduction  of  temperature.  The  cold  pro- 
duced by  the  evaporation  of  ether  in  the  vacuum  of  the  air- 
pump,  is  so  intense  as  under  favorable  circumstances  to  freeze 
mercury. 

Water  may  very  readily  be  frozen  by  the  evaporation  of 
ether  in  the  opeh  air  in  the  warmest  weather,  by  the  following 
method.    Fill  a  small  thin  vial  with  water  and  wrap  around  It 
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a  piece  of  fine  muslin,  and  suspend  over  it  a  dropping  tube  filled 
so  that  the  muslin  may  be  kept  constantly  wet  with  it.  Evapo- 
ration will  take  place  with  such  rapidity  that  the  water  in  the 
vial  will  in  a  short  time  be  frozen.  The  experiment  will  require 
less  time  if  the  vial  is  suspended  by  a  small  wire  and  placed  in 
a  gentle  current  of  air. 

112.  A  great  advance  has  recently  been  made  in  this  depart- 
ment of  experimental  science  by  the  solidification  of  carbonic 
acid  gas,  which  is  first  condensed  into  a  liquid  by  pressure,  and 
then  the  liquid  is  solidified  or  frozen  by  its  own  rapid  evapora- 
tion. A  full  description  of  the  process  will  shortly  be  given. 
Sulphurous  acid  gas  may  also  be  condensed  into  a  liquid, 
which,  on  being  permitted  to  issue  into  the  open  air,  produces 
by  its  own  evaporation  sufficient  cold  to  freeze  mercury. 

113.  Scientific  men  have  differed  concerning  the  cause  of 
evaporation.  It  was  once  supposed  to  be  owing  to  chemicaJ 
attraction  between  the  air  and  water,  and  the  idea  is  at  first 
view  plausible,  since  a  certain  degree  of  affinity  does  to  all 
appearance  exist  between  them.  But  it  is  nevertheless  impossi- 
ble to  attribute  the  effect  to  this  cause.  For  evaporation  takes 
place  equally  in  a  vacuum  as  in  the  air;  nay,  it  is  an  establii^ed 
fact  that  the  atmosphere  positively  retards  the  process,  and 
that  one  of  the  best  means  of  accelerating  it  is  by  removing  the 
air  altogether. 

Experiments  prove  that  caloric  is  the  true  and  only  cause  of 
the  formation  of  vapor.  Evaporation  is  indeed  more  rapid  in 
proportion  as  the  atmospheric  pressure  is  diminished,  but  the 
actual  quantity  of  vapor  that  can  exist  in  a  given  space,  is  de- 
pendent solely  upon  the  temperature. 

1 14.  The  presence  of  aqueous  vapor  in  the  atmosphere  is 
owing  to  evaporation,  which  goes  on  to  a  certain  extent  even 
at  low  temperatures,  and  it  is  probable  the  atmosphere  is  never 
absolutely  free  from  vapor;  but  the  quantity  present  is  very 
variable,  in  consequence  of  the  continual  change  of  tempera- 
ture to  which  the  air  is  subject.  But  even  when  the  tempera- 
ture is  the  same,  the  quantity  of  vapor  is  still  found  to  vary ; 
for  the  air  is  not  always  i^  a  state  of  saturation.  At  one  time 
it  is  excessively  dry,  at""  another  it  is  fully  saturated ;  and  at 
other  times  it  varies  between  these  extremes. 

115.  The  variable  condition  of  the  atmosphere  as  to  saturation  with 
moisture  is  determined  by  an  instrument  called  a  hygremeter,  several  of 
which  of  different  constructions  are  in  use ;  but  none  of  them  are  of  soffi- 
cient  importance  to  claim  a  description  here. 

116.  Watery  vapor,  when  it  rises  in  the  atmosphere,  is  per- 
fectly invisible,  but  in  certain  circumstances  which  do  not  seem 
to  be  well  understood  it  becomes  visible,  constituting  mists  and 
clouds  which  are  constantly  seen  floating  in  the  air.  This 
moisture,  after  remaining  awhile  suspended  in  the  air,  is  again 
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condensed,  and  descends  to  the  earth  in  the  form  of  rain.  Rain, 
it  is  well  known,  never  falls  unless  the  sky  is  cloudy,  nor  unless 
that  peculiar  kind  of  dense  black  cloud  appear  known  by  the 
name  of  rain-cloud ;  but  the  manner  in  which  rain  is  formed, 
though  different  theories  have  been  proposed  to  account  for  it, 
must  yet  be  considered  as  involved  in  obscurity. 

All  the  accumulations  of  water  upon  the  surface  of  the  earth 
are  thus  subjected  to  a  constant  natural  distillation ;  the  impuri- 
ties with  which  they  are  charged  remain  behind,  while  the  pure 
water  in  the  form  of  vapor  rises  in  the  air  to  be  again  diffused 
over  the  earth. 

117.  Constitution  of  the  Gases  with  respect  to  Heat. — Recent 
experiments  by  Faraday,  Thillorier,  Mitchell,  and  others,  ap- 
pear to  justify  the  opinion  that  gases  are  merely  the  vapors  of 
extremely  volatile  liquids.  Most  of  these  liquids,  however,  are 
so  volatile  that  their  boiling  point,  under  the  atmospheric  pres- 
sure, is  lower  than  any  natural  temperature ;  and  hence  they 
are  always  found  in  the  gaseous  state.  By  subjecting  them  to 
a  great  pressure,  their  elasticity  is  so  far  counteracted  that 
they  become  liquid ;  and  by  reducing  the  temperature  of  the 
liquids  very  low,  one  of  them,  carbonic  acid  gas,  has  even  been 
congealed. 

Kg.  le.  The  usual  method  of  liquefy- 

ing a  gas  is  to  put  the  materials 
for  preparing  it  into  a  strong 
glass  tube,  keeping  them  apart 
if  necessary,  and  then  sealing 
the  tube  hermetically,  or  closing  it  with  a  cap*  and  some 
strong  cement.  The  substances  may  then  be  brought  together 
and  heat  applied  if  necessary;  and  the  gas  as  it  is  generated 
being  unable  to  escape,  when  sufficient  pressure  is  produced, 
is  converted  into  a  liquid  and  collected  in  the  upper  part  of  the 
tube.  These  experiments  are  attended  with  danger  from  the 
bursting  of  the  tubes,  and  should  never  be  attempted  but  with 
the  utmost  caution. 

In  some  cases  it  will  be  found  most  convenient  to  use  straight 
tubes ;  but  in  others  it  will  be  best  to  have  them  bent  as  in  the 
figure. 

Different  gases  require  very  difierent  forces  to  compress  them  into  the 
liquid  form,  for  while  sulphurous  acid  gas,  at  the  temperature  of  45<^,  re- 
quires only  two  atmospheres,  carbonic  acid  gas  at  32^  requires  no  less  than 
thirty -six  atmospheres. 

1 18.  Carbonic  acid  is  the  only  gas  (119)  which  has  been  solid- 
ified: this  was  first  effected  by  Thillorier  of  Paris,  in  1835.  To 
prepare  this  solid,  it  is  necessary  to  construct  a  very  strong 
apparatus  with  a  generator  to  receive  the  materials  for  forming 
the  liquid  acid,  and  a  smaller  receiver,  into  which  this  liquid  is 

*  Dr.  Torrey. 
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to  be  distilled  pure.  If  a  jet  of  this  liquid  be  now  permitted  to 
escape  into  the  open  air,  a  large  part  of  it  immediately  evapo- 
rates, producing  such  intense  cold  that  the  remainder  is  actually 
frozen,  and  appears  like  very  fine  moist  snow.  In  the  open  air 
it  soon  escapes  in  vapor ;  but  covered  with  cotton,  so  as  to  pro- 
tect it  from  the  atmosphere,  small  lumps  of  it  may  be  preserved 
for  hours. 

119.  An  apparatus  like  the  following  for  solidifying'  carbonic  acid,  an. 
Bwers  the  purpose  perfectly  well,  and  can  be  made  at  a  very  trifiing-  expense. 

The  generator  A,  fig.  11,  may  be  made 
of  a  common  mercury  flask,  having  the 
aperture  at  the  neck  a  little  enlarged  so 
as  to  be  about  an  inch  and  a  quarter  in 
diameter.  A  plug  of  cast-steel  B  is  then 
made  of  a  bar  two  inches  at  least  in  d'u 
ameter,  and  turned  with  a  wide  and 
smooth  shoulder  so  as  to  fit  accurately 
upon  a  collar  of  block-tin,  when  screwed 
into  its  place,  as  represented  in  the  figure. 
The  valves,  which  are  the  most  difficult 
part  to  construct,  on  account  of  the  great 
pressure  that  is  to  be  overcome,  are  in- 
serted in  the  plugs,  a  second  one  of 
which,  precisely  like  the  preceding,  is 
made  to  screw  into  the  receiver  C.  Into 
the  upper  end  of  each  plug,  a  hole  an  inch 
in  diameter  is  bored  about  one  inch  deep, 
and  terminates  in  a  conical  point ;  from 
which  an  aperture,  a  tenth  of  an  inch  in 
diameter  is  bored  quite  through  the  plug. 
£  H  is  composed  of  two  parts,  so  constructed  that  when  screwed  firmly 
into  the  cast-steel  plug,  and  the  part  H  which  terminates  in  a  conical  point 
screwed  down,  all  escape  of  the  gas  from  the  generator  is  effectually  pre- 
vented. When  the  part  H  is  screwed  upward,  the  escape  of  the  gas  around 
E  is  prevented  by  the  firm  pressure  of  the  shoulder  of  E  upon  the  washer  I, 
and  a  shoulder  upon  the  lower  part  H,  which  presses  against  the  bottom  of 
E,  and  produces  the  same  efiect  with  regard  to  the  escape  of  the  gas  around 
the  thread  of  the  screw  H. 

Instead  of  the  valve  described  above,  the  following,  invented 
by  Torrey,  answers  better  for  the  generator,  as  the  passage  at 
the  bottom  of  the  plug  is  not  liable,  as  in  the  other  construction, 
to  be  closed  by  the  sulphate  of  soda  which  is  formed.  The  part 
H  extends  quite  through  the  plug,  having  at  the  lower  extrem- 
ity a  nut  P  attached  firmly  by  a  screw  and  soldered.  Now 
when  the  screw  H  is  turned  upward,  the  thread  on  which  ex- 
tends from  I  downward  about  an  inch,  the  nut  P  perfectly  closes 
the  passage  below,  but  by  turning  the  screw  down  the  passage 
through  the  plug  is  opened  at  P  and  closed  at  I,  allowing  the 
*p    gas  to  escape  laterally  as  in  the  other  construction. 

The  receiver  C  is  easily  made  of  common  boiler  iron,  and 
should  be  about  two  inches  internal  diameter,  and  of  the  same  height  as  the 
^nerator,  which  will  make  it  of  the  capacity  of  about  a  pint.    The  tube  L 
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ehoakl  screw  into  the  plug  oonnected  with  the  reeeirer,  having  its  other 
extremity  terminate  in  a  conical  point  to  fit  into  a  cavity  prepared  for  it  in 
the  other  plogf.  By  means  of  the  stirmp-screws  M  and  N,  and  the  block  of 
wood  O,  the  receiver  may  then  be  firmly  screwed  in  its  place ;  and  when 
both  the  valves  are  open,  there  will  be  a  free  passage  between  it  and  the 
generator,  bat  no  commonication  of  either  with  the  open  air. 

To  make  use  of  this  apparatus,  the  generator  and  receiver  are  separated, 
and  the  plug  B  being  removed,  2^  pounds  of  bicarbonate  of  soda,  made  into 
a  paste  wiSi  the  same  weight  of  water,  are  introduced  into  A,  and  21  § 
ounces  of  strong  sulphuric  acid  are  poured  into  several  copper  vessels  made 
a  little  shorter  than  the  length  internally  of  the  generator,  and  of  such  a 
diameter  that  they  will  just  pass  the  aperture.  These  being  nearly  filled 
with  acid  are  dropped  into-the  generator,  which,  after  the  plug  B  is  inserted, 
is  allowed  to  lie  on  (me  side  for  fifteen  or  twenty  minutes,  and  several  times 
rolled  over,  to  mix  the  acid  with  the  soda.  The  receiver  is  then  attached 
to  it  as  seen  in  the  figure,  by  means  of  the  stirrup-screws  M  and  N ;  and, 
if  kept  sufficiently  cool  by  means  of  ice,  the  liquid  carbonic  acid  formed  in 
A  will  shortly  be  distilled  over  into  C,  the  passage  between  them  being  of 
course  previously  opened. 

The  valves  are  now  to  be  closed,  and  the  receiver,  which  contains  the 
liquid  carbonic  acid,  separated  from  the  generator.  A  small  tin  cup  (not 
represented  in  the  figure)  is  then  to  be  attached  to  the  tube  L,  to  receive  the 
jet  of  acid  from  the  receiver.  It  is  essential  that  the  liquid  acid  should 
escape  into  this  cup,  which  is  effected  by  having  a  small  tube  pass  Scorn  the 
steel  plug  nearly  to  the  bottom  of  the  receiver,  or  by  inverting  the  receiver 
before  opening  the  valve. 

The  apparatus  should  be  well  tested,  at  least  three  times,  before  running 
any  risk  by  venturing  to  handle  it  while  charged.  This  is  best  done  by 
means  of  a  hydraulic  press;  but  the  same  object  may  be  accomplished  very 
effectually  by  standing  the  apparatus  when  charged  in  a  tub  of  water  heated 
to  about  150°,  so  that  when  the  apparatus  and  water  have  attained  the  same 
temperature,  it  shall  not  be  lower  than  130°.  If  a  more  severe  test  is  de- 
sired, the  water  may  be  made  still  hotter. 

Gauges  for  measuring  the  amount  of  pressure  at  different  temperatures, 
may  be  attached  to  this  apparatus,  if  desired,  in  the  usual  manner. — {Sil. 
Journal^  xxviii.  p.  297.) 

In  constructing  an  apparatus,  care  should  always  be  taken  to  make  the 
receiver  of  not  more  than  one-fiflh  the  capacity  of  the  generator,  and  proba- 
bly it  would  be  still  better  if  it  were  not  more  than  one-sixth  or  one-seventh. 
The  quantity  of  materials  used  should  also  be  just  sufficient  very  nearly  to 
fill  the  generator. 


SECTION  III. 
SPECIFIC  CALORIC. 


120.  The  construction  and  uses  of  the  thermometer  have  been 

described  in  a  preceding  section  (73).   Though  this  instrument 

is  one  of  the  most  valuable  for  philosophical  research,  it  must  be 

confessed  that  the  sum  of  information  which  it  conveys  is  smaL. 

5* 
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It  does  indeed  point  out  a  difference  in  the  temperature  of 
two  or  more  substances  with  great  nicety ;  but  it  does  not  in- 
dicate how  much  heat  any  body  contains.  It  does  not  follow, 
because  the  thermometer  stands  at  the  same  elevation  in  any 
two  bodies,  that  they  contain  equal  quantities  of  heat ;  nor  is 
it  right  to  infer  that  the  warmer  possesses  more  of  this  princi- 
ple than  the  colder.  The  thermometer  gives  the  same  kind  of 
information  which  may  be  discovered,  though  less  accurately, 
by  the  feelings ;  it  recognizes  in  bodies  that  state  of  caloric 
alone  which  affects  the  senses  with  an  impression  of  heat  or 
cold, — the  condition  expressed  by  the  word  temperature.  All 
we  learn  by  this  instrument  is,  whether  the  temperature  of  one 
body  is  greater  or  less  than  that  of  another ;  and  if  there  is  a 
difference,  it  is  expressed  numerically,  namely,  by  the  degree 
of  the  thermometer.  But  it  must  be  remembered  that  these 
degrees  are  parts  of  an  arbitrary  scale,  selected  for  conveni- 
ence, without  any  reference  whatever  to  the  actual  quantity 
of  heat  present  in  bodies. 

121.  A  little  reflection  will  evince  the  propriety  of  these  re- 
marks. If  two  glasses  of  unequal  size  be  filled  with  water 
just  taken  from  the  same  spring,  the  thermometer  will  stand 
in  each  at  the  same  height,  though  their  quantities  of  heat  are 
certainly  unequal.  This  observation  naturally  suggests  the  in- 
quiry, whether  different  kinds  of  substances,  whose  tempera- 
ture as  estimated  by  the  thermometer  are  the  same,  contain 
equal  quantities  of  heat ; — if,  for  example,  a  pound  of  iron  con- 
tains as  much  heat  as  a  pound  of  water  or  mercury.  The 
foregoing  remark  shows  that  equality  of  temperature  is  not 
necessarily  connected  with  equality  in  quantity  of  heat ;  and 
the  inference  has  been  amply  confirmed  by  experiment.  If 
equal  quantities  of  water  are  mixed  together,  one  portion  being 
at  100°  and  the  other  at  50°,  the  temperature  of  the  mixture 
will  be  the  arithmetical  mean  or  75 ;  that  is,  the  25  degrees  lost 
by  the  warm  water  will  exactly  suffice  to  heat  the  cold  water 
by  the  same  number  of  degrees.  It  is  hence  inferred  that  equal 
weights  or  measures  of  water  of  the  same  temperature  contain 
equal  quantities  of  heat;  and  the  same  is  found  to  be  true  of 
other  bodies.  'Bwi  \i  d:iff event  substances  are  used,  the  results 
will  be  entirely  different.  For  instance,  on  mixing  a  pound  of 
mercury  at  160°  with  a  pound  of  water  at  40°,  a  thermometer 
placed  in  the  mixture  will  stand  at  45° ;  but  if  the  mercury  be 
at  40°  and  the  water  at  1C0°,  the  mixture  will  have  a  tempera- 
ture of  155°.  If  water  at  100°  be  mixed  with  an  equal  weight 
of  spermaceti  oil  at  40°,  the  mixture  will  be  found  at  80°;  and 
when  the  oil  is  at  100°  and  the  water  at  40°,  the  temperature 
of  the  mixture  will  be  only  60°. 

It  appears  from  these  facts  that  the  same  quantity  of  heat 
which  imparts  5  degrees  of  temperature  to  water,  is  sufficient 
to  heat  an  equal  weight  of  mercury  1 15  degrees ;  and  that  the 
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quantity  required  to  heat  water  20  degrees,  wiH  raise  an  equal 
weight  of  spermaceti  oil  40  degreea  Now  5  and  115  are  in  the 
ratio  of  1  to  23,  and  20  is  to  40  as  1  to  2 ;  it  is  hence  evident 
that  if  equal  quantities  of  heat  be  added  to  equal  weights  of 
water,  spermaceti  oil,  and  mercury,  their  temperatures  in  rela- 
tion to  each  other  will  be  expressed  by  the  numbers  I,  2,  and 
23;  or,  what  amounts  to  the  same,  in  order  to  increase  the 
temperature  of  equal  weights  of  those  substances  to  the  same 
extent,  the  water  will  require  twenty-three  times  as  much  heat 
as  the  mercury,  and  twice  as  much  as  the  oil.  The  peculiarity 
exemplified  by  these  substances,  and  which  it  would  be  easy 
to  illustrate  by  other  examples,  was  first  noticed  by  Black.  It 
is  a  law,  admitted  to  be  universal,  and  may  be  thus  expressed ; 
that  equal  quantities  of  different  bodies  require  unequal  quan- 
tities of  caloric  to  heat  them  equally.  This  difference  in  bodies 
was  expressed  in  the  language  of  Black  by  the  term  capacity 
for  heat,  but  the  term  specific  heat  is  now  generally  preferred. 

122.  The  fact*  that  substances  of  equal  temperature  contain 
unequal  quantities  of  heat  naturally  excites  speculation  about 
its  cause,  and  various  attempts  have  been  made  to  account  for 
it  The  explanation  deduced  firom  the  view  of  Black  (86,  91) 
is  the  following : — ^He  conceived  that  heat  exists  in  bodies  in 
two  opposite  states:  in  one  it  is  supposed  to  be  in  chemical 
combination,  exhibiting  none  of  its  ordinary  characters,  and 
remaining  concealed,  without  evincing  any  signs  of  its  pres- 
ence ;  in  the  other,  affecting  the  senses  in  its  passage,  deter- 
mining the  height  of  the  thermometer,  and  in  a  word  giving 
rise  to  all  the  phenomena  which  are  attributed  to  this  active 
principle. 

123.  Though  it  would  be  easy  to  start  objections  to  this  inge- 
nious conjecture,  it  has  the  merit  of  explaining  phenomena 
more  satisfactorily  than  any  view  that  has  been  proposed  in 
its  place.  It  is  entirely  consistent  with  analogy.  For,  since 
heat  is  regarded  as  a  material  substance,  it  would  be  altogether 
anomalous  were  it  not  influenced,  like  other  kinds  of  matter, 
by  chemical  affinity ;  and  if  this  be  admitted,  it  ought  certainly, 
in  combining,  to  lose  some  of  the  properties  by  which  it  is  dis- 
tinguished in  its  free  state.  According  to  this  view,  it  is  intelli- 
gible how  two  substances,  from  being  in  the  same  condition 
with  respect  to  free  heat,  may  have  the  same  temperature ;  and 
yet  that  their  actual  quantities  of  heat  may  be  very  different, 
in  consequence  of  one  containing  more  of  that  principle  in  a 
combined  or  latent  state  than  the  other.  But  in  admitting  the 
plausibility  of  this  explanation,  it  is  proper  to  remember  that 

*  This  fact  was  considered  very  singular  and  surprisingr  when  first  disco- 
vered, but  it  certainly  is  no  more  so  than  other  analogous  facts  we  meet  with 
in  chemistry  on  every  hand.  For  instance,  32  parts  of  soda  require,  to  neu- 
tralize them,  40  parts  of  sulphuric  acid,  but  an  equal  weight  of  potash  requires 
only  two- thirds  as  much  acid ;— a  fact  quite  as  singular  as  the  one  referred  to. 
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it  is  at  present  entirely  hypothetical :  and  that  the  language 
suggested  by  a  hypothesis  should  not  be  unnecessarily  asso- 
ciated with  the  phenomena  to  which  it  owes  its  origin.  Ac- 
cordingly, the  word  sensible  is  better  than  free  heat,  and  inseri' 
sible  preferable  to  combined  or  latent  heat ;  for  by  such  terms 
the  fact  is  equally  well  expressed,  and  philosophical  propriety 
strictly  preserved. 

124  It  is  of  importance  to  know  the  specific  heat  of  bodies. 
The  most  convenient  method  of  discovering  it  is  by  mixing  dif- 
ferent substances  together  in  the  way  just  described,  and 
observing  the  relative  quantities  of  heat  requisite  for  heating 
them  by  the  same  number  of  degrees.  Water  is  commonly  one 
of  the  materials  employed  in  such  experiments,  and  it  is  cus- 
tomary to  compare  the  specific  heat  of  other  bodies  with  that 
of  water. 

125.  There  are  several  circumstances  concerning  the  specific 
heat  of  bodies  that  are  important  to  be  noticed. 

Every  substance  has  a  specific  heat  peculiar  to  itself,  which, 
however,  varies  if  its  form  or  composition  is  changed.  A  sub- 
stance when  solid  always  has  a  less  specific  heat  than  when  in 
the  liquid  state ;  thus  if  the  specific  heat  of  water  is  10,  that  of 
ice  is  9.  Whether  the  specific  heat  is  increased  when  a  solid 
or  liquid  is  changed  into  a  gas,  seems  not  yet  to  be  determined. 

126.  The  specific  heat  of  solids  and  liquids  increases  when 
their  temperature  is  raised ;  but  in  gases  a  similar  effect  is  not 
produced  if  they  are  allowed  to  expand  freely  by  the  increase 
of  temperature.  The  specific  heat  of  equal  weights  of  the  same 
gas  varies  as  its  density  and  elasticity  vary.  Thus,  when  100 
measures  of  air  expand  by  diminished  pressure  to  200  measures 
its  specific  heat  is  increased.  A  thermometer  placed  within  the 
receiver  of  an  air-pump  will  always  be  observed  to  fall  as  the 
air  is  rapidly  exhausted,  in  consequence  of  the  increased  capa- 
city for  heat  of  the  air  remaining  within.  So  also  if  the  100 
measures  of  air  are  suddenly  compressed  to  50,  the  specific 
heat  will  be  diminished  and  of  course  the  temperature  raised. 

This  fiict  is  beautifully  illustrated  by  the  fire-syringe^  an  instrument 
which  consists  merely  of  a  tube  with  an  equal  straight  bore,  and  a  solid 
piston  fitted  to  it  very  accurately.  When  the  piston  is  plunged  forci- 
bly into  the  tube,  the  air  is  much  condensed  before  it,  by  which  its 
temperature  is  raised  in  consequence  of  its  specific  heat  being  dimin- 
ished ;  and  if  a  little  tinder  or  other  highly  combustible  substance  has  been 
previously  attached  to  the  lower  side  of  the  piston,  it  will  be  ignited  by  the 
iieat  produced. 

127.  Change  of  density  in  solids  and  liquids  is  also  attended 
by  a  change  of  specific  heat,  and  consequently  a  change  of 
temperature.  A  piece  of  metal  may  be  made  red-hot  by  being 
struck  a  few  smart  blows  in  rapid  succession ;  its  density  is 
increased  and  its  specific  heat  diminished,  and  the  rise  of  tem- 
perature accompanies  it  as  a  necessary  consequence. 
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128.  So  also  when  sulphuric  acid  and  water  are  mixed,  great 
heat  is  produced  as  a  consequence  of  the  condensation  that 
takes  place ;  and  the  same  effect,  to  some  extent,  results  from 
mixing  alcohol  and  water. 


SECTION  IV. 

SOURCES  OF  HEAT. 

129.  The  sources  of  heat  may  be  reduced  to  six.  1.  The 
sun.  2.  Combustion.  3.  Chemical  action  without  combustion. 
4.  Mechanical  action.    5.  Electricity.    6.  Vital  action. 

The  sun  is  the  great  source  of  heat  to  our  system.  The  in- 
tensity of  the  solar  heal  appears  to  be  directly  in  proportion  to 
the  number  of  rays  that  can  be  collected  upon  a  given  surface, 
and  at  one  time  philosophers  were  able  to  produce  a  greater 
heat  by  collecting  the  sun's  rays  by  means  of  the  convex  lens 
or  concave  mirror  than  by  any  other  means.  The  only  method 
by  which  the  sun's  rays  can  be  made  to  produce  a  great  heat 
at  a  considerable  distance,  is  to  combine  a  great  number  of 
plane  mirrors  in  such  a  manner  that  all  may  throw  their  images 
of  the  sun  upon  the  same  spot.  By  an  instrument  constructed 
on  this  principle,  it  is  said.  Count  Buffon  was  able  to  ignite 
wood,  at  the  distance  of  210  feet. 

130.  The  direct  rays  of  the  sun  seldom  produce  a  tempera- 
ture above  120^ ;  but  under  favorable  circumstances  it  may 
rise  as  high  as  135°,  or  even  higher. 

131.  Combustion  has  been  defined,  intense  chemical  action, 
attended  by  the  evolution  of  light  and  heat.  As  the  sun  is  the 
great  source  of  natural  heat,  so  combustion  is  almost  always 
resorted  to  to  produce  artificial  heat. 

Various  theories  have  been  proposed  to  account  for  the 
caloric  that  is  given  out  in  combustion,  but  none  of  them  seem 
to  be  satisfactory.  We  shall,  however,  speak  of  them  more 
particularly,  as  well  as  the  general  subject  of  combustion,  and 
several  of  the  other  sources  of  caloric,  in  other  parts  of  the 
work. 

132.  The  mechanical  method  of  exciting  heat  is  by  friction 
and  percussion.  When  parts  of  heavy  machinery  rub  against 
one  another,  the  heat  excited,  if  the  parts  of  contact  are  not 
well  greased,  is  suflBcient  for  kindling  wood.  The  axle-trees 
of  carriages  have  been  burned  from  this  cause,  and  the  sides 
of  ships  are  said  to  have  taken  fire  by  the  rapid  descent  of  the 
cable.  Count  Rumford  has  given  an  interesting  account  of  the 
caloric  evolved  in  boring  cannon,  which  was  so  abundant  as  to 
heat  a  considerable  quantity  of  water  to  its  boiling  point.  It 
appears  from  his  experiments^  that  a  body  never  ceases  lo  ^\n^ 
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out  heat  by  friction,  however  long  the  operation  may  be  con- 
tinued ;  and  he  inferred  from  this  observation*that  heat  cannot 
be  a  material  substance,  but  is  merely  a  property  of  matter. 
Pictet  observed  that  solids  alone  produce  heat  by  friction,  no 
elevation  of  temperature  taking  place  from  the  mere  agitation 
of  fluids  with  one  another.  He  found  that  the  heat  excited  by 
friction  is  not  in  proportion  to  the  hardness  and  elasticity  of 
the  bodies  employed.  On  the  contrary,  a  piece  of  brass  rubbed 
with  a  piece  of  cedar  wood  produced  more  heat  than  when 
rubbed  with  another  piece  of  metal;  and  the  heat  was  still 
greater  when  two  pieces  of  wood  were  employed. 


CHAPTER    II 
LIGHT. 


SECTION  I. 
PHYSICAL   PROPERTIES. 

133.  Two  theories  have  long  prevailed  concerning  the  nature 
of  light,  called  the  corpuscular  and  the  undulatory  theories. 

On  the  corpuscular  theory,  which  was  adopted  by  Newton, 
light  is  supposed  to  be  material,  and  to  consist  of  inconceivably 
minute  particles,  which,  however,  are  too  subtile  to  exhibit  the 
common  properties  of  matter.  These  particles  emanating  from 
luminous  bodies,  such  as  the  sun,  the  fixed  stars,  and  incan- 
descent substances,  and  traveling  with  immense  velocity,  excite 
the  sensation  of  light,  it  is  supposed,  by  passing  bodily  through 
the  substance  of  the  eye,  and  striking  against  the  expanded 
nerve  of  vision,  the  retina.  The  whole  language  of  optics  is 
founded  on  this  theory. 

134.  The  undulatory  theory,  which  is  now  generally  adopted, 
denies  to  light  a  separate  material  existence,  and  ascribes  its 
effects  to  the  vibrations  or  undulations  of  a  subtile  ethereal 

^medium  universally  present  in  nature,  the  pulses  of  which,  in 
some  way  excited  by  luminous  objects,  pass  through  space  and 
transparent  bodies,  and  give  rise  to  vision  by  impressing  the 
retina  in  the  same  way  as  pulsations  of  air  impress  the  nerve 
of  hearing,  to  produce  the  sensation  of  sound. 

135.  Some  of  the  phenomena  of  light,  as  absorption  and  re- 
fraction, are  but  obscurely  explained  on  either  theory ;  while 
other  phenomena,  though  totally  inexplicable  by  the  corpuscu- 
lar or  Newtonian,  receive  a  most  lucid  explanation  by  the  un- 
dulatory theory.    The  latter  therefore  is  now  considered  alone 
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luiiable  to  the  advanced  state  of  the  science.  We  shall,  how- 
5ver,  proceed  to  state  the  laws  of  light,  so  far  as  is  required  in 
in  elementary  work  on  chemistry,  in  the  ordinary  language 
«rhich  is  founded,  as  has  been  remarked,  on  the  Newtonian 
theory,  and  is  analogous  to  that  which  has  been  employed  in 
treating  of  heat. 

136.  Diffusion  of  Light, — Light  emanates  from  every  visible 
point  of  a  luminous  o1)ject,  and  is  equally  distributed  on  all 
aides,  if  not  intercepted,  diverging  like  radii  drawn  from  the 
centre  to  the  sm*face  of  a  sphere.  Thus,  if  a  single  luminous 
point  were  placed  in  the  centre  of  a  hollow  sphere,  every  point 
of  its  concavity  would  be  illuminated,  and  equal  areas  would 
receive  equal  quantities  of  light.  The  smallest  portion  of  light 
which  can  be  separated  from  contiguous  portions  is  called  a 
ray  ofpghU  Each  ray,  when  not  interrupted  in  its  course,  and 
while  it  remains  in  the  same  medium,  moves  in  a  straight  line, 
as  isobvious  by  the  appearance  of  shadows  cast  by  the  side  of 
a  house,  or  of  a  sun-beam  admitted  through  a  small  aperture 
into  a  dark  room.  Owing  to  these  modes  of  distribution,  it  fol- 
lows that  the  quantity  of  light  which  falls  upon  a  given  surface 
decrezises  as  the  square  of  its  distance  from  the  luminous  object 
increases — the  same  law  which  regulates  the  heating  power 
of  a  hot  body  (25). 

137.  The  passage  of  light  is  progressive,  time  being  required 
for  its  motion  from  one  place  to  another.  By  astronomical 
observations  it  is  found  that  light  travels  at  the  rate  of  nearly 
195,000  miles  in  a  second  of  time,  and  requires  about  eight 
minutes  to  pass  from  the  sun  to  the  earth.  Owing  to  this  pro- 
digious velocity,  the  light  caused  by  the  firing  of  a  cannon  or 
a  sky-rocket  is  seen  by  different  spectators  at  the  same  instant, 
whatever  may  be  their  respective  distances  from  the  rocket, 
the  time  required  for  light  to  travel  100  or  1000  miles  being  in- 
appreciable to  our  senses. 

133.  When  the  light  falls  upon  any  body,  it  may,  like  radiant 
heat  (25),  dispose  of  itself  in  three  different  ways,  being  reflected, 
rrfractedy  or  absorbed.  The  phenomena  connected  with  the 
two  former  modes  of  distribution  will  be  considered  in  succes- 
sion ;  while  those  of  absorbed  light  will  be  included  under  the 
head  of  Decomposition  of  Light, 

139.  Reflection  of  Light. — When  light  passes  from  one  me- 
dium into  another  of  different  nature  or  density,  a  portion  of 
it  will  always  be  reflected,  whether  the  media  be  solid,  liquid, 
or  gaseous.  Different  media,  however,  differ  much  in  their 
power  of  reflection. 

Bright  metallic  surfaces,  as  polished  silver  or  clean  mercury, 
reflect  nearly  all  the  rays  which  fall  upon  them ;  while  those 
which  are  dull  and  rough  reflect  but  a  few.  The  reflection  of 
light,  like  that  of  heat,  takes  place  at  the  surface  of  bodies,  and 
appears  to  be  influenced  rather  by  the  condition  of  iVve  swxfeiQ,^ 
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than  by  the  nature  of  the  reflecting  body.  The  direction  of  the 
reflected  ray,  whatever  may  be  the  nature  or  figure  of  the  re- 
flecting surface,  is  regulated  by  these  two  laws.  1.  The  inci- 
dent and  reflected  rays  always  lie  in  the  same  plane,  which 
plane  is  perpendicular  to  the  reflecting  surface.  2.  The  incident 
and  reflected  rays  always  form  equal  angles  with  the  reflecting 
surface ;  or,  what  amounts  to  the  same,  the  angle  of  incidence 
is  always  equal  to  the  angle  of  reflection. 

Let  AB,  figure  13,  represent  a  plane  mirror, 
^j^ID  the  direction  of  a  ray  falling  on  AB  at  the 
point  D,  and  DP  a  line  perpendicular  to  the 
mirror  AB.  Then  a  plane  passing  through 
IDP  will  be  perpendicular  to  AB,  and,  by  Ute 
first  law,  the  reflected  ray  DR  will  lie  some- 
where  in  that  plane.  Also,  by  the  second  law, 
-^  the  angle  of  reflection  RDP,  must  be  equal  to 
-^  the  angle  of  incidence  IDP.  Hence,  as  agon  as 
the  direction  of  the  incident  ray  is  given,  that  of  the  reflected  ray  is  known 
also. 

These  laws  are  not  limited  in  their  operation  to  plane  sur- 
faces ;  but  apply  equally  to  those  which  are  curved,  whether 
convex  or  concave. 

140.  Refraction  of  Light. — Light  traverses  the  same  transpa- 
rent medium,  such  as  air,  water,  or  glass,  in  a  straight  line, 
provided  no  reflection  occurs,  and  there  is  no  change  of  density ; 
but  when  it  passes  from  one  medium  into  another ;  or  from  one 
part  of  the  same  medium  into  another  of  a  diflferent  density,  a 
change  of  direction  always  ensues  at  the  plane  of  junction  of 
the  media,  except  when  the  ray  is  perpendicular  to  that  plane. 
Fijr.  14.  For  instance,  let  A'B,  fig.  14, 

represent  a  vertical  section  of  a 

vessel  full  of  water,  and  PP'  the 

perpendicular  to  the  surface  of 

the  water  at  the  point  C.  Should 

a  ray  of  liffht  enter  the  water, 

B  perpendicular  to  its  surface,  as 

in  the  line  of  PC,  it  will  con- 

,  tinue  on  its  course  to  P'  with- 

J3  out  deviation ;  but  if  it  descend 

obliquely,  as  in  the  direction  of 
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IC,  it  will  suffer  a  bend  at  C,  and  proceed  to  "E,  instead  of  ad- 
vancing along  the  dotted  line  to  F.  Conversely,  were  a  ray  ^ 
of  light  to  emanate  from  E  and  emerge  at  C,  it  would  not 
advance  to  e,  but  take  the  direction  of  CI.  By  comparing  the 
direction  of  the  refracted  ray  in  these  two  cases  in  delation  to 
the  vertical  PP',  it  will  be  seen  that  the  ray  approaches  the  per- 
pendicular in  entering  from  air  into  water,  and  recedes  from 
it  in  passing  out  of  water  into  air.  The  same  remark  applies 
"^  the  passage  of  light  from  or  into  air,  into  or  out  of  solid  or 
u'd  media  in  general 
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141.  Bodies  differ  in  their  power  of  refracting  light.  In 
general,  the  denser  a  substance  is,  the  greater  is  the  deviation 
which  it  produces.  If  in  figure  14,  sulphuric  acid  were  mixed 
with  the  water,  the  ray  IC  would  be  refracted  to  some  point 
between  E  and  G;  and  if  a  solid  cake  of  glass  were  substituted 
for  that  liquid,  the  refracted  ray  would  be  bent  down  to  CG. 
But  this  is  far  from  universal: — alcohol,  ether,  and  olive-oil, 
which  are  lighter  than  water,  have  a  higher  refractive  power. 
Observation  has  shown  it  to  be  a  law,  to  which  no  exception 
is  yet  known,  that  oils  and  other  highly  inflammable  bodies, 
such  as  hydrogen,  diamond,  phosphorus,  sulphur,  amber,  olive- 
oil,  and  camphor,  have  a  refractive  power  which  is  from  two 
to  seven  times  greater  than  that  of  incombustible  substances 
of  equal  density.  But  whatever  may  be  the  refractive  power 
of  bodies  in  relation  to  each  other,  refraction  is  always  governed 
by  the  two  following  laws,  discovered  in  1618,  by  Snell,  though 
usually  ascribed  to  Descartes. 

1.  The  direction  of  the  incident  and  refracted  ray  is  always 
in  a  plane  perpendicular  to  the  surface  common  to  the  media. 

2.  The  sine  of  the  angle  of  incidence  and  the  sine  of  the  angle 
of  refiraction  are  in  a  constant  ratio  for  the  same  media. 

Yig,  15.  The  first  law  is  similar  to  the 

li    *  first  law  of  reflection  already  ex- 

;---.  plained(142.)  To  explain  the  second 

^       N.  law,  let  ABE,  fig.  15,  be  a  vertical 

>  \  section  of  a  refracting  medium, 

\  PP'  the  perpendicular  to  it,  IC  a 

[ ]         ray  of  light  incident  at  C,  and  CE 

JB      the  refracted  ray.     Then  ICP  is 
\  /  the  anffle  of  incidence^  and  ECP' 

\\       /  the  angle  of  r fraction.   Also  from 

AVX  C  as  a  centre,  with  any  radius  CI, 

^^^  and  in  the  plane  of  the  ray  ICE, 

"^  draw  a  circle ;  and  from  the  points 

I  and  E,  where  the  course  of  the  ray  cuts  the  circle,  let  fall  la, 
Ec  at  right  angles  to  PP'.  Then  may  la  be  considered  the  sine 
of  the  angle  of  incidence,  and  Ec  the  sine  of  the  angle  of  refrac- 
tion. The  second  law  denotes  that  these  lines  are  for  each 
substance  in  a  constant  ratio,  whatever  may  be  the  direction 
of  the  incident  ray.  In  the  figure  the  sine  of  the  angle  of  refrac- 
tion is  to  the  sine  of  the  angle  of  incidence  as  1  to  2 ;  and  this 
ratio  being  once  determined,  each  ray  must  conform  itself  to 
it,  so  that  any  angle  of  incidence  being  given,  the  direction  of 
the  refracted  ray  may  be  foretold.  Thus,  if  ?C  be  a  second 
ray  incident  at  C,  of  which  ?6  is  the  sine  of  the  angle  of  inci- 
dence, the  ray  will  be  bent  into  such  a  course,  that  ed  shall  be 
to  ib  as  1  to  2.  This  ratio  is  nearly  that  observed  in  glass 
made  of  one  part  of  flint  to  three  of  oxide  of  lead.  In  common 
flint-glass,  the  ratio  is  nearly  as  1  to  1.6 ;  in  water  it  \s  a^  V  \.o 
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1.336;  in  oil  of  cassia  as  1  to  1.641 ;  in  diamond  as  1  to  2.755; 
in  phosphorus  as  1  to  2.224;  and  in  melted  sulphur  as  1  to 
2.148.  By  thus  representing  the  sine  of  the  angle  of  refraction 
by  I,  the  sines  of  the  angle  of  incidence  in  all  bodies  refer  to 
the  same  unit  of  comparison,  and  are,  therefore,  at  once  com- 
parable with  each  other ;  such  numbers  are  called  indices  of 
r^raction,  and  indicate  the  degree  of  refractive  power.  For 
example,  the  index  of  refraction  for  water  is  1.336;  for  flint- 
glaiJs  1.6;  and  for  diamond  2.755. 

142.  Double  Refraction. — Polarization. — If  on  a  piece  of  paper  with  a 
black  line  on  its  surface  we  place  a  rhomboliedron  of  Iceland-spar,  and  then 
look  at  the  line  through  the  crystal,  it  will  be  found  that  in  a  certain  posi- 
tion the  line  appear^  single  as  when  seen  through  water  or  glass ;  but  in 
other  positions  of  the  crystal,  two  lines  are  risible  parallel  to  each  other  and 
separated  by  a  distinct  interval.  The  light  in  passing  through  the  crystal 
is  divided  into  two  portions,  one  of  which  obeys  the  laws  of  refraction  al- 
ready explained  (142,  143),  whereas  the  other  portion  proceeds  in  a  wholly 
different  direction,  and  hence  gives  the  appearance  of  two  objects  instead  of 
one.  The  former  is  termed  the  ordinary,  the  latter  the  extraordinary  ray. 
This  phenomenon  is  known  by  the  name  of  double  refraction^  and  has  been 
witnessed  in  many  crystalized  substances,  as  in  minerab  and  artificial 
salts. 

143.  Light  transmitted  through  Iceland-spar  or  other  doubly-refracting 
substance,  is  found  to  have  suffered  a  remarkable  change.  In  this  state  it 
is  distinguished  firom  common  light  by  the  circumstance  that  when  it  falls 
upon  a  plate  of  glass,  at  an  angle  of  56^  IT,  it  is  almost  completely  re- 
flected in  one  position  of  the  glass,  and  is  hardly  reflected  at  all  in  another ; 
if  reflected  when  the  plane  of  reflection  is  vertical,  no  reflection  ensues 
when  the  reflecting  plane  is  horizontal,  the  incident  angle  being  maintained 
at  56*^  11'.  This  curious  property,  so  different  from  common  light,  has 
been  theoretically  ascribed  to  a  kind  of  polarity  of  such  sort,  that  each  side 
of  a  ray  of  light  is  thought  to  have  a  character  different  from  the  two  adja- 
cent sides  at  right  angles  to  it ;  and  hence  the  origin  of  the  term  polarized 
lighty  by  which  this  property  is  distinguished.  Light  is  polarized  by  reflec- 
tion from  many  substances,  such  as  glass,  water,  air,  ebony,  mother-of- 
pearl,  and  many  crystalized  substances,  provided  the  light  is  incident  at  a 
certain  angle  peculiar  to  each  surface,  and  which  is  called  the  polarizing 
angle.  Thus  the  polarizing  angle  for  glass  is  56*^  11',  and  for  water  53^ 
14  ;  that  is,  common  light  reflected  by  glass  and  water  at  the  angles  stated 
will  be  polarized. 

The  phenomena  of  double  refraction  and  polarized  light  constitute  a 
department  of  optics  of  great  and  increasing  interest ;  but  it  is  too  remote 
from  the  pursuits  of  a  chemical  student  to  be  treated  of  at  length  in  this 
work. 

144.  It  has  recently  been  satisfactorily  proved  that  rays  of  heat  may  be 
polarized  in  the  same  manner  and  by  the  same  means  as  those  of  light 
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SECTION  II. 
DECOMPOSITION    OP   LIGHT. 

145.  The  analysis  of  light  may  be  effected  either  by  refrac- 
tion or  absorption.  Newton,  who  discovered  the  compound 
nature  of  solar  light,  effected  its  decomposition  by  refraction, 
employing  a  solid  piece  of  glass  bounded  by  three  plane  sur- 
faces, weU  known  under  the  name  of  the  prism.  His  mode  of 
operating  consisted  in  admitting  a  ray  of  light  IG,  fig.  16,  into 
a  dark  chamber  through  a  windo  w-shutter  D£F,  and  interposing 

Fig.  16. 
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the  triangular  prism  ACB,  so  that  the  ray  should  pass  obliquely 
through  two  surfaces,  and  be  refracted  by  both.  On  receiving 
the  refracted  ray  upon  a  piece  of  white  paper  LM,  there  ap- 
peared, instead  of  a  spot  of  white  light,  an  oblong  colored  sur- 
face composed  of  seven  different  tints,  called  the  prismatic  or 
9olar  spectrum.  On  subjecting  each  of  these  colors  to  refrac- 
tion, no  further  separation  was  accomplished ;  but  on  causing 
the  rays  separated  by  one  prism  to  pass  through  a  second  of 
the  same  power  and  in  an  inverted  position  CBa,  the  seven 
colors  disappeared,  and  a  spot  of  white  light  appeared  at  H,  in 
the  very  position  which  it  would  have  occupied  had  both  prisms 
been  absent.  From  such  and  similar  experiments  Newton  in- 
ferred that  white  light  is  a  mixture  of  seven  colorific  rays, — 
red,  orange,  yellow,  green,  blue,  indigo,  and  violet ;  and  that 
the  separation  of  these  primary  or  simple  rays  depends  on  an 
original  difference  of  refrangibility,  violet  being  the  most  re- 
franorible  and  red  the  least  so. 

140.  Though  a  prism  is  the  most  convenient  instrument  for 
decomposing  light,  the  separation  of  the  colored  rays  is  more 
or  less  effected  by  refracting  media  in  general.  Letvsea,  ^^i- 
cordingly,  disperse  ihecoHortSiC  rays  at  the  same  time  lYvaX.  VVve^ 
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refract  them ;  and  this  effect  constitutes  one  of  the  greatest 
difficulties  in  the  construction  of  telescopes,  insomuch  as  the 
separation  or  dispersion,  as  it  is  termed,  of  these  rays  dimi- 
nishes the  distinctness  of  the  image.  The  combinations  by 
which  the  defect  is  remedied  are  called  achromatic. 

147.  Newton's  analysis  of  light  led  him  to  explain  the  origin 
of  the  colors  of  natural  objects.  Of  opaque  bodies,  those  are 
black  which  absorb  all  the  light  that  falls  upon  them,  and  those 
white  which  reflect  it  unchanged ;  the  various  combinations  of 
tints  are  the  consequence  of  certain  rays  being  absorbed,  while 
those  alone  whose  intermixture  produces  the  observed  color 
are  reflected.  The  same  applies  to  transparent  media,  which 
are  colorless,  like  pure  water,  when  the  light  passes  through 
unchanged,  but  are  colored  when  some  rays  are  transmitted 
and  others  absorbed.  This  absorption  of  certain  rays  by 
colored  media,  such  as  glass  of  different  tints,  affords  another 
mode  of  decomposing  light;  and  Brewster  has  ingeniously 
apphed  it  to  analyze  the  seven  colors  which  compose  the  pris- 
matic spectrum.  He  has  proved  by  such  experiments,  what 
has  been  maintained  before,  that  the  seven  colors  of  the  spec- 
trum are  occasioned  not  by  seven  but  by  three  simple  or  pri- 
mary rays ;  namely,  the  red,  yellow,  and  blue.  These  rays  are 
concentrated  in  those  parts  of  the  spectrum  where  each  primary 
color  respectively  appears ;  but  each  spreads  more  or  less  over 
the  whole  spectrum,  the  mixture  of  red  and  yellow  giving 
orange,  of  yellow  and  blue,  green,  and  red  with  blue  and  a 
little  yellow  causing  the  violet. 

148.  The  prismatic  colors,  according  to  the  experiments  of 
Sir  W.  Herschel,  differ  in  their  illuminating  power ;  the  orange 
illuminates  in  a  higher  degree  than  the  red,  the  yellow  than  the 
orange.  The  maximum  of  illumination  lies  in  the  brightest 
yellow  or  palest  green.  The  green  itself  is  almost  equally 
bright  with  the  yellow;  but  beyond  the  full  deep  ^reen  the 
illuminating  power  sensibly  decreases.  The  blue  is  nearly 
equal  to  the  red,  the  indigo  is  inferior  to  the  blue,  and  the  violet 
is  the  lowest  on  the  scale. 

149.  Calorific  or  Heating  Rays. — The  solar  rays,  both  direct 
and  diffused,  are  capable  of  exciting  heat  as  well  as  light. 
When  they  are  transmitted  or  reflected,  no  such  eflfect  of  course 
results :  the  concave  reflector  and  burning-glass  remain  cool, 
though  intense  heat  is  developed  at  their  foci ;  and  the  atmo- 
sphere is  not  heated  by  the  solar  rays  to  which  it  gives  passage. 
But  opaque  bodies  which  absorb  light  are  invariably  heated  by 
it,  and  the  temperature  is  proportional  to  the  absorbent  power. 
Hence,  dark-colored  substances,  which  are  more  absorbent 
than  light  ones,  become  hotter  when  exposed  to  sunshine. 
This  is  indicated  by  the  general  preference  given  to  light-colored 
clothing  during  summer.  Hooke  and  Franklin,  independently 
of  each  other,  proved  the  fact,  by  exposing  pieces  of  cloth  of 
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different  colors,  but  of  the  same  texture  and  size,  upon  snow 
to  sunshine ;  when  the  snow  under  the  dark  specimens  was 
found  to  melt  more  freely  than  under  the  light  ones,  the  effect 
being  nearly  proportional  to  the  depth  of  shade. 

150.  For  many  years  it  was  supposed  that  the  different  colored  rays  post- 
sess  different  heating  powers ;  but  different  experimenters  did  not  agree 
with  regard  to  the  precise  point  in  the  spectrum  in  which  the  effect  upon 
the  thermometer  is  greatest,  some  placing  it  in  the  red,  and  others  a  little 
below  the'  red,  quite  out  of  the  spectrum.  It  was  a  question  likewise 
whether  light  is  converted  into  heat  by  absorption,  or  whether  heat  is  only 
associated  with  light  and  absorbed  at  the  same  time  with  it.  It  has,  how- 
ever, at  length  been  determined  that  there  exists  in  the  solar  beam  a  dis- 
tinct kind  of  ray  which  causes  heat  and  not  light ;  and  that  this  ray  being 
differently  refrangible  from  those  of  light,  the  position  of  the  point  of  greatest 
heat  in  the  spectrum  will  depend  altogether  upon  the  kind  of  prism  made 
use  of.  When  the  prism  used  is  made  of  flint-glass,  the  greatest  heat  is 
uniformly  beyond  the  red  cay ;  with  a  prism  of  crown-glass  the  red  itself 
will  be  the  hottest  part,  but  with  a  prism  externally  of  glass,  but  containing 
water  within,  the  greatest  heat  will  be  found  in  the  yellow. 

151.  Our  knowledge  on  this  subject  has  recently  been  much 
extended  by  the  able  researches  of  Melloni,  who  has  succeeded 
with  a  prism  of  rock-salt  in  separating  the  spot  of  maximum 
heat  from  the  colored  part  of  the  spectrum  by  a  much  greater 
interval  than  had  been  done  previously;  and  showing  that,  as 
in  simple  radiant  heat  (4^),  there  exist  in  solar  light  calorific 
rays  of  different  characters,  some  being  more,  and  some  less 
refrangible.  He  has  also  shown  that  the  more  refrangible  rays 
are  less  absorbed  by  feebly  transcalent  media  than  the  less  re- 
frangible ones,  while  more  perfectly  transcalent  bodies  absorb 
the  less  refrangible  more  freely  than  the  more  refrangible  rays. 
By  causing  all  the  heating  rays  to  be  absorbed,  he  obtained  a 
ray  of  light  that  did  not  in  the  least  affect  the  most  delicate 
thermo-multiplier,  by  which  it  appears  that  the  luminous  and 
calorific  rays,  as  before  determined  by  others,  are  entirely  dis- 
tinct. 

152.  Chemical  Rays. — It  has  long  been  known  that  solar 
light  is  capable  of  producing  powerful  chemical  changes.  One 
of  the  most  striking  instances  of  it,  is  its  power  of  darkening 
the  white  chloride  of  silver,  an  effect  which  takes  place  slowly 
in  the  diffused  light  of  day,  but  in  the  course  of  two  or  three 
minutes  by  exposure  to  the  sunshine.  The  effect  was  once 
attributed  to  the  influence  of  the  luminous  rays;  but  it  appears 
from  the  observations  of  Ritter  and  Wollaston,  that  it  is  owing 
to  the  presence  of  certain  rays  that  excite  neither  heat  nor 
light,  and  which,  from  their  peculiar  agency,  are  termed  cAemi- 
cal  rays.  It  is  found  that  the  greatest  chemical  action  is  ex- 
erted just  beyond  or  at  the  verge  of  the  violet  part  of  the  pris- 
matic spectrum;  that  the  spot  next  in  energy  is  the  violet 
itself;  and  that  the  property  gradually  diminishes  m  advaitfiVw^ 
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to  the  green,  beyond  which  it  seems  wholly  wanting.  It  hence 
follows  that  the  chemical  rays  are  still  more  refrangible  than 
the  luminous  ones,  in  consequence  of  which  they  are  dispersed 
in  part  over  the  blue,  indigo,  and  violet,  but  In  the  greatest 
quantity  at  the  extreme  border  of  the  latter. 

It  appears,  therefore,  that  a  beam  of  light  contains  three  distinct  sets  of 
rays,  the  illuminating,  the  heating  or  calorific,  and  the  chemical  rays. 

153.  Many  efforts  have  been  made  to  fonn  permanent  images 
of  objects  by  means  of  the  chemical  changes  which  are  pro- 
duced by  light  upon  different  substances,  as  the  white  chloride 
of  silver,  but  till  within  a  few  years  they  seem  to  have  been 
attended  with  little  success.  Recently,  however,  under  the 
auspices  of  Talbot  and  others  in  England  and  in  this  country, 
and  Daguerre  in  France,  Photography^  or  Photogenic  Drawings 
has  sprung  up  as  if  by  magic,  and  claimed  a  place  among  the 
useful  arts. 

154.  If  a  piece  of  white  paper  is  moistened  with  a  dilute  so- 
lution of  common  salt,  and  then  one  side  of  it  washed  with  a 
solution  of  nitrate  of  silver,  the  surface  becomes  coated  with 
chloride  of  silver,  which  readily  turns  black  or  dark  chestnut, 
by  exposure  to  the  direct  rays  of  the  sun.  If  now  before 
exposing  paper  thus  prepared  to  the  light,  any  small  flat 
object,  as  a  flower,  or  piece  of  lace,  be  placed  upon  it,  an  image 
of  the  object  will  remain  upon  the  paper,  and  may  be  rendered 
permanent  by  soaking  it  immediately  in  a  saturated  solution 
of  common  salt,  or  of  iodide  of  potassium. 

Instead  of  common  salt  for  the  first  wash,  iodide  or  bromide  of  potassium 
may  be  used,  or  chloride  of  calcium,  or  indeed  almost  any  substance  that 
is  capable  of  decomposing  the  nitrate  of  silver,  and  forming  with  the  silver 
a  colorless  solid  compound.  Even  the  salt  of  silver  may  it  is  found  be  dis- 
pensed with ;  other  substances,  as  the  bichromate  of  potassa,  possessing  suffi- 
cient sensibility  to  the  action  of  light  But  the  results,  as  a  matter  of 
course,  will  be  very  different  according  as  different  substances  are  used. 
In  every  case  the  process  of  fixing  the  picture,  consists  in  washing  it  in  a 
solution  which  is  capable  of  dissolving  that  part  of  the  coloring  substance 
upon  which  the  shadows  have  fallen,  and  not  that  which  has  been  affected 
by  the  light. 

Paper  prepared  to  be  used  in  this  manner  is  called  photogenic  paper^  and 
must  be  kept  secure  from  the  action  of  light  or  the  air ;  and  even  then  it 
cannot  often  be  long  preserved  without  injury.  Scarcely  any  of  it  is  suffi- 
ciently sensitive  to  be  used  in  the  camera  obscura. 

155.  Daguerre's  process,  which  has  received  the  appellation 
of  the  Daguerreotype,  is  entirely  different,  and  the  results  more 
striking  and  beautiful.  The  essential  parts  of  this  process  are 
as  follows ;  A  piece  of  silver,  or  copper  plated  with  silver,  and 
polished  with  great  care,  is  first  to  be  cleansed  with  nitric  acid 
and  powdered  pumice,  and  exposed  a  few  minutes  to  the  action 
of  vapor  of  iodine,  by  which  an  exceedingly  thin  coating  of 
jodjde  of  silver  is  formed  upon  the  surface.  The  plate  is  then 
*^laced  in  a  camera  obscura,  and  the  image  of  any  object  in 
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front  is  made  to  fall  upon  it  for  several  minutes ;  by  which  such 
a  chemical  change  is  produced  in  the  thin  coating  of  iodide  of 
silver,  that  subsequent  exposure  to  the  vapor  of  mercury,  at  a 
temperature  of  from  160°  to  165°,  brings  out  a  beautiful  picture 
of  the  object. 

Instead  of  pure  iodine,  the  bromide  or  chloride  of  iodme  may 
be  used  for  preparing  the  plates ;  but  the  last  compound  is  said 
on  the  whole  to  be  much  the  best. 

The  picture  when  taken  from  the  mercurial  process  is  ren- 
dered permanent  by  removing  the  coating  of  iodide  of  silver, 
which  is  readily  done  by  merely  pouring  over  it  a  warm  solu- 
tion of  hyposulphite  of  soda  or  of  common  salt.  If  while  in  the 
solution  it  is  touched  at  the  edge  by  a  piece  of  clean  zinc,  the 
coating  is  removed  almost  instantly. 

The  Daguerreotype  process  is  very  simple,  but  to  ensure 
success,  close  attention  must  be  paid  to  various  minute  particu- 
lars, which  are  fully  described  in  the  inventor's  original  paper. 


SECTION  III. 

TERRESTRIAL   LIGHT. 

156.  Under  this  head  it  is  proposed  to  include  the  various 
kinds  of  artificial  light,  which  differ  so  much  in  several  respects 
from  solar  light  as  to  require  to  be  made  the  subject  of  a  sepa- 
rate section.  The  common  method  of  obtaining  such  light  is 
by  the  combustion  of  inflammable  matter,  which  gives  out  so 
much  heat  that  the  burning  substance  is  rendered  luminous  in 
the  act  of  being  burned.  All  bodies  begin  to  emit  light  when 
heat  is  accumulated  within  them  in  great  quantity ;  and  the 
appearance  of  glowing  or  shining,  which  they  then  assume,  is 
called  incandescence.  The  temperature  at  which  solids  in 
general  begin  to  shine  in  the  dark  is  between  600°  and  700°  ; 
but  they  do  not  appear  luminous  in  broad  daylight  till  they  are 
heated  to  about  1000°.  The  color  of  incandescent  bodies  varies 
with  the  intensity  of  the  heat.  The  first  degree  of  luminous- 
ness  is  an  obscure  red.  As  the  heat  augments,  the  redness  be- 
comes more  and  more  vivid,  till  at  last  it  acquires  a  full  red 
glow.  If  the  temperature  still  increase,  the  character  of  the 
glow  changes,  and  by  degrees  it  becomes  white,  shining  with 
increasing  brilliancy  as  the  heat  augments.  Liquids  and  gases 
likewise  become  incandescent  when  strongly  heated ;  but  a 
very  high  temperature  is  required  to  render  a  gas  luminous, 
more  than  is  sufficient  for  heating  a  solid  body  even  to  white- 
ness. The  different  kinds  of  flame,  as  of  the  fire,  candles,  and 
gas-light,  are  instances  of  incandescent  gaseous  matter. 

157.  Artificial  lights  differ  in  color,  and  accord\r\g\Y  e7.\C^\\. 
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different  appearances  when  transmitted  through  a  prism.  The 
white  Jight  of  incandescent  charcoal,  which  is  the  principal 
source  of  the  light  from  candles,  oils,  and  the  illuminating 
gases,  contains  the  three  primary  colorific  rays,  the  red,  yel- 
low, ^nd  blue.  The  dazzling  light  emitted  by  lime  intensely 
heated,  of  late  so  successfully  applied  for  the  gas  microscope, 
gives  the  prismatic  colors  almost  as  bright  as  in  the  solar  spec- 
trum. The  light  emitted  by  iron  feebly  incandescent  consists 
principally  of  the  red  rays,  as  does  the  red  light  obtained  by 
means  of  strontia  and  lithia ;  that  from  ignited  boracic  acid  is 
such  a  mixture  of  the  blue  and  yellow  rays  as  constitutes 
green;  and  incandescent  soda  emits  a  yellow  light,  almost 
wholly  free  from  the  rays  which  cause  the  red  and  blue  colors. 

158.  Artificial  differs  from  solar  light  in  containing  heat  in 
two  states.  It  contains  simple  radiant  heat  like  that  radiated 
from  a  non-luminous  body,  and  which  may  be  separated  by 
transmission  through  a  plate  of  moderately  thick  glass ;  but  it 
also  contains  other  calorific  rays  associated  with  the  luminous 
rays,  and  like  them  capable  of  refraction  by  transparent  media. 
There  is  reason  also  for  believing  that  other  modifications  of 
heat  may  be  found  associated  with  artificial  light,  depending 
upon  the  nature  of  the  source  from  which  it  emanates. 

159.  The  chemical  agency  of  artificial  light  is  analogous  to  that  from  the 
sun.  In  general  the  former  is  too  feeble  for  producing  any  visible  effect ; 
but  light  of  considerable  intensity,  such  as  that  from  ignited  lime,  darkens 
chlorideof  silver,  and  seems  capable  of  exerting  the  same  chemical  agencies 
as  solar  light,  though  in  a  degree  proportionate  to  its  inferior  brilliancy. 

Phosphorescence, — Light  is  emitted  by  some  substances,  either  at  com- 
mon temperatures  or  at  a  degree  of  heat  disproportioned  to  the  effect,  giving 
rise  to  an  appearance  which  is  called  phosphorescence.  This  is  exemplified 
by  a  composition  termed  Canton^s  phosphorus^  made  by  mixing  three  parts 
of  calcined  oyster-shells  with  one  of  the  flowers  of  sulphur,  and  exposing  the 
mixture  for  an  hour  to  a  strong  heat  in  a  covered  crucible.  The  same  pro- 
perty is  possessed  by  chloride  of  calcium  (Homberg*s  phosphorus),  anhydrous 
nitrate  of  lime  (Baldwin's  phosphorus),  some  carbonates  and  sulphates  of 
barytn,  strontia,  and  lime,  the  diamond,  some  varieties  of  fluor-spar  called 
chlorophane,  apatite,  boracic  acid,  borax,  sulphate  of  potassa,  sea-salt,  and 
by  many  other  substances.  Scarcely  any  of  thc^e  substances,  which  an 
account  of  this  peculiar  property  are  called  phosphoric  act  unless  they  have 
been  previously  exposed  to  light :  for  some,  diffused  daylight  or  even  lamp- 
light will  suffice ;  while  others  require  the  direct  solar  light,  or  the  light  of 
an  electric  discharge.  Exposure  for  a  few  seconds  to  sunshine  enables 
Canton's  phosphorus  to  emit  light  visible  in  a  dark  room  for  several  hours 
aflorwards.  Warmth  increases  the  intensity  of  light,  or  will  renew  it  af\er 
it  hos  ceased;  but  it  diminishes  the  duration.  When  the  phosphorescence 
has  ceased  it  may  be  restored,  and  in  general  for  any  number  of  times,  by 
renewed  exposure  to  sunshine ;  and  the  same  effect  may  be  produced  by 
passing  electric  discharges  through  the  phosphorus.  Some  phosphori,  as 
apatite  and  chlorophane,  do  not  shine  until  they  are  gently  heated  ;  and  yet 

*Tpotod  to  a  red  heat,  they  lose  the  property  so  entirely  that  exposure  to 
ugbt  doea  not  restore  it    It  has  been  temarked  that  in  these  minerals 
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the  phosphorescence  destroyed  by  heat,  is  restored  by  electric  discharges ; 
that  specimens  of  fluor-spar,  not  naturally  phosphorescent,  may  be  rendered 
so  by  electricity  ;  and  that  this  agent  exalts  the  energy  of  natural  phosphori 
in  a  very  remarkable  degree.  The  theory  of  these  phenomena  is  very  ob- 
scure. They  have  been  attributed  to  direct  absorption  of  light,  and  its 
subsequent  evolution ;  but  the  fact  that  the  color  of  the  light  emitted  is 
more  dependent  on  the  nature  of  the  phosphorescent  body  than  on  the  color 
of  the  light  to  which  it  was  exposed,  seems  inconsistent  with  this  explana- 
tion. Chemical  action  is  not  connected  with  the  phenomena ;  for  the  phos- 
phori shine  in  vacuo^  and  in  gases  which  do  not  act  on  them,  and  some 
even  under  water. 

160.  Another  kind  of  phosphorescence  is  observable  in  some  bodies  when 
strongly  heated.  A  piece  of  lime,  for  example,  heated  to  a  degree  which 
would  only  make  other  bodies  red,  emits  a  brilliant  white  light  of  such  in- 
tensity that  the  eye  cannot  support  its  impression. 

161.  A  third  species  of  phosphorescence  is  observed  in  the  bodies  of  some 
animals,  either  in  the  dead  or  living  state.  Some  marine  animals,  and  par- 
ticularly fish,  possess  it  in  a  remarkable  degree.  It  may  be  witnessed  in 
the  body  of  the  herring,  which  begins  to  phosphoresce  a  day  or  two  afler 
death,  and  before  any  visible  sign  of  putrefaction  has  set  in.  Sea-water  is 
capable  of  dissolving  the  luminous  matter ;  and  it  is  probably  from  this 
cause  that  the  waters  of  the  ocean  sometimes  appear  luminous  at  night 
when  agitated.  The  appearance  is  also  ascribed  to  the  presence  of  certain 
animalcules,  which,  like  the  glow-worm  or  the  fire-fly,  are  naturally  phos- 
phorescent. 

162.  Light  sometimes  appears  during  the  process  of  crystalization.  This 
is  ezempliled  by  a  tepid  solution  of  sulphate  of  potassa  in  the  act  of  crys- 
talizing ;  and  it  has  been  likewise  witnessed  under  similar  circumstances 
in  a  solution  of  fluoride  of  sodium  and  nitrate  of  strontia.  Another  instance 
of  the  kind  is  aflTorded  by  the  sublimation  of  benzoic  acid.  Allied  to  this 
phenomenon  is  the  phosphorescence  which  attends  the  sudden  contraction 
of  porous  substances.  Thus,  on  decomposing  by  beat  the  hydrates  of  zir- 
Gonia,  peroxide  of  iron,  and  green  oxide  of  chromium,  the  dissipation  of  the 
water  is  followed  by  a  sudden  increase  of  density  suited  to  the  changed 
state  of  the  oxide,  and  a  vivid  glow  appears  at  the  same  instant.  The 
essential  conditions  are  that  a  substance  should  be  naturally  denser  afler 
decomposition  than  it  was  previously,  and  that  the  transition  from  one  me- 
chanical state  to  the  other  should  be  abrupt. 

163.  Several  different  instruments  have  been  contrived  to  measure  the 
comparative  intensities  of  diflerent  lights,  called  photmneters ;  but  it  is 
thought  little  reliance  can  be  placed  upon  any  of  them.  The  only  one  that 
has  been  much  used  is  that  of  Leslie,  which  consists  simply  of  his  differen- 
tial thermometer  (75)  with  one  of  its  balls  made  of  black  glass.  The 
dear  ball  transmits  all  the  light  that  falls  upon  it,  and  therefore  its  tempera- 
ture is  not  affected ;  on  the  contrary,  they  are  all  absorbed  by  the  black 
ball,  and,  by  heating  and  expanding  the  air  within,  cause  the  liquid  to  rise 
in  the  opposite  stem.  The  action  of  this  instrument,  it  will  be  seen,  depends 
not  immediately  upon  the  quantity  of  light  that  may  be  absorbed,  but  upon 
the  heat  which  accompanies  it.  The  results  obtained  by  it  cannot  therefore 
be  relied  upon. 

164.  Radiant  heat  and  light  possess  in  many  respects  so  close  a  resem- 
blance, that  a  conviction  of  the  near  relationship  of  theii  OT\g\tv  '\%  fotwA. 
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apon  us.  Thej  are  distributed,  reflected,  refracted,  absorbed,  transmitted, 
and  polarized,  according  to  laws  exactly  parallel ;  but  though  the  undulatory 
theory  of  light  is  considered  well  established,  it  seems  impossible  to  assign 
a  similar  cause  to  heat,  and  account  satisfactorily  for  the  various  rela- 
tions it  sustains  to  matter,  as  connected  with  change  of  form,  specific  heat, 


CHAPTER  III. 
ELECTRICITY. 


SECTION  I. 
GENERAL   PRINCIPLES. 

165.  When  certain  substances,  such  as  amber,  glass,  sealing- 
wax,  and  sulphur,  are  rubbed  with  dry  silk  or  cloth,  they  are 
found  to  have  acquired  a  property,  not  observable  in  their  ordi- 
nary state,  of  causing  contiguous  light  bodies  to  move  towards 
them ;  or  if  the  substances  so  rubbed  be  light  and  freely  sus- 
pended, they  will  move  towards  contiguous  bodies.  After  a 
while  this  curious  phenomenon  ceases ;  but  it  may  be  renewed 
an  indefinite  number  of  times  by  friction.  The  principle  thus 
called  into  action  is  known  by  the  name  of  electricity^  from  the 
Greek  word  nuxtpovj  amber,  because  the  electric  property  was 
first  noticed  m  it  The  same  term  is  applied  to  the  science 
which  treats  of  the  phenomena  of  electricity. 

166.  When  a  substance  by  friction  or  any  other  means  ac- 
quires the  property  just  stated,  it  is  said  to  be  electrified^  or  to 
be  electrically  excited ;  and  its  motion  towards  other  bodies,  or 
of  other  bodies  towards  it,  is  ascribed  to  a  force  called  electric 
attraction.  But  its  influence,  on  examination,  will  be  found  to 
be  not  merely  attractive ;  on  the  contrary,  light  substances, 
after  touching  the  electrified  body,  will  be  disposed  to  recede 
from  it  just  as  actively  as  they  approached  it  before  contact. 
This  is  termed  electric  repulsion.  By  aid  of  the  electrical  ma- 
chine these  phenomena  of  electric  attraction  and  repulsion  may 
be  displayed  by  a  great  variety  of  amusing  and  instructive  ex- 
periments, showing  how  readily  an  invisible  power  is  called 
into  operation,  and  how  wonderfully  inert  matter  is  subject  to 
its  control.  But  the  student  may  witness  these  effects  quite 
satisfactorily  by  very  simple  apparatus.  Let  him  suspend  a 
"'  ^ead  of  white  sewing-silk  from  the  back  of  a  chair  so  that  one 

'^ay  hang  freely,  taking  the  precaution  to  moisten  that  end 
by  holding  it  between  the  fingers,  while  the  rest  of 
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the  thread  Is  carefully  dried  by  the  fire ;  and  let  him  then  place 
near  the  free  end  a  piece  of  sealing-wax,  previously  rubbed  on 
the  sleeve  of  his  coat.  The  silk  will  move  towards  it ;  but 
after  touching  the  excited  wax  two  or  three  times,  it  will  recede 
from  it. 

167.  When  an  electrified  body  touches  another  which  is  not 
electrified,  the  electric  property  is  imparted  by  the  former  to 
the  latter.  Thus,  on  touching  the  free  end  of  the  suspended 
silk-thread  with  the  excited  wax,  the  silk  will  itself  be  excited, 
as  shown  by  its  moving  towards  a  book,  a  knife,  or  other  unex- 
cited  object  placed  near  it.  But,  though  electricity  is  always 
imparted  by  an  excited  to  an  unexcited  body  by  contact,  the 
latter  does  not  always  exhibit  electric  excitement.  If,  for  ex- 
ample, the  suspended  silk  be  wetted  along  its  whole  length,  it 
will  be  strongly  attracted  by  the  excited  wax,  but  after  contact 
it  will  not  evince  the  least  sign  of  being  itself  electrified.  Ne- 
vertheless, electricity  is  communicated  to  the  silk  in  both  cases, 
only  it  is  retained  by  silk  when  dry,  and  is  lost  as  soon  as  re- 
ceived by  wet  silk. 

168.  Such  observations  led  to  the  discovery  that  electricity 
passes  with  great  ease  over  the  surface  of  some  substances, 
and  with  difficulty  over  that  of  others,  and  hence  the  division 
of  bodies  into  conductors  and  non-conductors  of  electricity.  If 
electricity  be  imparted  to  one  end  of  a  conductor,  such  as  a 
copper-wire,  the  other  extremity  of  which  touches  the  ground, 
or  is  held  by  a  person  standing  on  the  ground,  the  electricity 
will  pass  along  its  whole  length  and  escape  in  an  instant, 
though  the  wire  were  several  miles  long;  whereas  excited 
glass  and  resin,  which  are  non-conductors,  may  be  freely  han- 
dled without  losing  any  electricity  except  at  the  parts  actually 
touched. 

169.  To  the  class  of  conductors  belong  the  metals,  charcoal, 
plumbago,  water,  and  aqueous  solutions,  and  substances  gene- 
rally which  are  moist  or  contain  water  in  its  liquid  state,  such 
as  animals  and  plants,  and  the  surface  of  the  earth.  These, 
however,  differ  in  their  conducting  power :  of  the  metals,  silver 
and  copper  are  found  to  be  the  best  conductors,  and  after  these 
follow  gold,  zinc,  platinum,  iron,  tin,  lead,  antimony,  and  bis- 
muth. Aqueous  solutions  of  acids  and  salts  conduct  much 
better  than  pure  water. 

170.  To  the  list  of  non-conductors  belong  glass,  resins,  sul- 
phur, diamond,  dried  wood,  precious  stones,  earth,  and  most 
rocks  when  quite  dry,  silk,  hair,  and  wool.  Air  and  gases  in 
general  are  non-coqductors  if  dry,  but  act  as  conductors  when 
saturated  with  moisture. 

It  is  not,  however,  to  be  understood  that  any  very  definite 
line  can  be  drawn  between  the  two  classes  of  conductors  and 
non-conductors,  but  there  seems  to  be  a  very  regular  gradation 
fi-om  the  most  perfect  conductor  to  the  most  imperfecl  ot  icvobX 
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perfect  non-conductor.  This  division  of  substances  is,  how- 
ever, found  very  convenient,  though  in  some  instances  indi- 
viduals might  differ  with  regard  to  the  class  to  which  a  par- 
ticular substance  is  to  be  assigned. 

171.  This  knowledge  is  of  continual  application  in  electrical 
experiments.  When  it  is  wished  to  collect  electricity  on  a  me- 
tallic surface,  the  metal  must  be  insulated,  that  is,  cut  off  from 
contact  with  the  earth,  and  with  conductors  touching  the 
ground,  by  means  of  some  non-conductor ;  an  object  commonly 
effected  either  by  supporting  it  on  a  handle  of  glass,  or  by 
placing  it  on  a  stool  made  with  glass  feet.  Another  mode  of 
insulating  is  to  suspend  a  substance  by  silk  threads.  But  such 
insulators  must  be  dry ;  since  they  begin  to  conduct  as  soon  as 
they  grow  damp,  and  conduct  well,  as  in  the  experiment  above 
described,  when  wet.  Again,  electrical  experiments  are  very 
apt  to  fail  in  damp  weather,  because  the  moisture  both  carries 
off  electricity  directly,  and  by  being  deposited  on  the  glass  sup- 
ports, destroys  the  insulation. 

To  diminish  this  inconvenience  it  is  usual  to  keep  the  insu- 
lators warm,  and  to  coat  them  with  a  varnish  made  by  dis- 
solving the  resin  called  shell-lac  in  alcohol,  this  resinous  matter 
being  much  less  prone  to  attract  moisture  from  the  air  than 
glass.  The  same  principles  account  for  an  error  once  preva- 
lent, that  a  metal  cannot  be  excited  by  friction :  if  held  in  the 
hand,  indeed,  it  exhibits  no  sign  of  excitement  when  rubbed, 
because  the  electricity  is  carried  off  as  soon  as  excited ;  but 
if,  while  carefully  insulated,  it  is  rubbed  with  dry  cat's  fur, 
excitement  readily  ensues. 

172.  On  comparing  the  electric  properties  manifested  by  glass 
and  sealing-wax  when  both  are  rubbed  by  a  woollen  or  silk 
cloth,  they  will  be  found  essentially  different ;  and  it  is  there- 
fore inferred  that  there  are  two  kinds  or  states  of  electricity, 
one  termed  vitreous,  because  developed  on  glass,  and  the  other 
resinous  electricity,  from  being  first  noticed  on  resinous  sub- 
stances. These  two  kinds  of  electricity,  one  or  other  of  which 
is  possessed  by  every  electrified  substance,  are  also  termed 
positive  and  negative,  the  terms  vitreous  and  positive  being  used 
synonymously,  as  are  resinous  and  negative;  they  are  also 
sometimes  designated  by  the  signs  +  and  — .  The  mode  of 
distinguishing  between  positive  and  negative  electricity  is 
founded  on  the  circumstance  that,  if  two  electrified  substances 
are  both  positive  or  -f ,  or  both  negative  or  — ,  they  are  inva- 
riably disposed  to  recede  from  each  other,  that  is,  to  exhibit 
repulsion ;  but,  if  one  be  positive  and  the  other  negative,  their 
mutual  action  is  as  constantly  attractive.  *  The  end  of  a  silk 
thread,  afl;er  contact  with  an  electrified  stick  of  sealing-wax, 
is  repelled  by  the  wax,  because  both  are  negative;  but  if  a  dry 
warm  wine-glass  be  rubbed  with  cloth  or  silk,  and  then  pre- 
sented to  the  thread,  attraction  will  ensue,  as  the  glass  will  be 
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positive.  A  silk  thread  in  a  known  electric  state,  thus  indicates 
the  kind  of  electricity  possessed  by  other  substances :  a  conve- 
nient mode  of  doing  this  is  to  draw  a  thread  of  white  silk  rapidly 
through  a  fold  of  coarse  brown  paper,  previously  warmed, 
by  which  means  its  whole  length  will  be  rendered  positive. 

173.  When  two  substances  are  rubbed  together  so  as  to  elec- 
trify one  of  them,  the  other,  if  in  *a  state  to  retain  electricity, 
will  be  excited  also,  one  being  always  negative  and  the  other 
positive.  It  is  easy  to  be  satisfied  of  this  by  very  simple  ex- 
periments. Rub  a  stick  of  sealing- wax  on  warm  coarse  brown 
paper,  and  the  paper  will  be  found  to  repel  a  positively  excited 
thread  of  silk,  while  the  wax  will  attract  it ;  if  a  warm  wine- 
glass be  rubbed  on  the  brown  paper,  the  glass  will  be  positive, 
as  shown  by  its  repelling  the  positive  thread,  while  the  same 
thread  will  be  attracted  by  the  negative  paper ;  friction  of  seal- 
ing-wax on  a  silk  riband  renders  the  wax  negative  and  the 
riSand  positive,  but  with  glass  the  riband  is  negative.  If  two 
silk  ribands,  one  white  and  the  other  black,  be  made  quite 
warm,  placed  in  contact,  and  then  drawn  quickly  through  the 
closed  fingers,  they  will  be  found  on  separation  to  be  highly 
attractive  to  each  other,  the  white  being  positive  and  the  black 
negative.  The  back  of  a  cat  is  positive  to  all  substances  with 
which  it  has  been  tried,  and  smooth  glass  is  positive  to  all  ex- 
cept the  back  of  a  cat.  Sealing-wax  is  negative  to  all  the  sub- 
stances just  enumerated,  but  becomes  positive  by  friction  with 
most  of  the  metals.  The  reader  will  perceive  from  these  facts  that 
the  same  substance  may  acquire  both  kinds  of  electricity,  becom- 
ing positive  by  friction  with  one  body,  and  negative  with  another, 

THEORIES    OP    ELECTRICITY. 

174.  The  nature  of  electricity  is  at  present  involved  in  ob- 
scurity. If  really  material,  it  is  so  light,  subtile,  and  diffusive,  that 
it  has  hitherto  been  found  impossible  to  recognize  in  it  the  ordi- 
nary characteristics  of  matter ;  and,  therefore,  electric  pheno- 
mena might  be  referred,  not  to  the  agency  of  a  specific  substance, 
but  to  some  property  or  state  of  common  matter,  just  as  sound  is 
produced  by  a  vibrating  medium.  But  the  effects  of  electricity 
are  so  similar  to  those  of  a  mechanical  agent,  that  its  claim  to  be 
considered  a  material  substance,  has  generally  been  admitted. 

175.  Dufay's  Theory  of  Two  Fluids. — This  theory,  though 
usually  spoken  of  as  Dufay's,  originated  partly  with  him  and 
partly  with  Symmer.  It  supposes  there  are  two  electric  fluids 
which  are  equally  subtile,  elastic,  and  universally  diffused,  and 
each  highly  repulsive  to  its  own  particles,  but  as  highly  at- 
tractive to  those  of  the  opposite  kind;  these  attract! v'e  and 
repulsive  forces  being  exactly  equal  at  the  same  distances. 

When  a  body  is  in  its  natural  state,  that  is,  when  it  exhibits 
no  signs  of  electricity,  it  is  supposed  these  two  fluids  exist  in 
it  in  a  state  of  combination  so  as  to  neutralize  each  ol\\e^  \  \vm\. 

r 
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electrical  excitation  is  produced  when  either  of  them  is  in  er- 
cess.  Their  combination  is  destroyed,  of  course,  by  the  several 
causes  which  produce  electrical  excitement. 

The  application  of  this  theory  to  most  electrical  phenomena 
is  easy,  and  it  is  not  necessary  here  to  go  into  details. 

In  most  cases,  when  glass  or  any  other  vitreous  substance  is 
rubbed,  the  electricity  which  is  collected  is  the  reverse  of  that 
obtained  when  sealing-wax  is  subjected  to  friction ;  and  hence 
the  former  is  called  vttreous  and  the  latter  resinous  electricity, 
as  before  explained  (172). 

176  Franklin's  Theory  of  a  Single  Ituid. — Franklin's  theory 
is  founded  upon  the  supposition  that  there  is  but  one  electric 
fluid,  the  particles  of  which  repel  each  other,  but  are  attracted 
by  the  particles  of  matter  in  general.  Material  substance  in  its 
unelectric  or  natural  state  is  regarded  as  a  compound  of  matter 
and  electricity,  saturated  and  neutralized  with  each  other. 
Bodies  in  this  state  are  said  to  possess  their  natural  quantity 
of  electricity,  and  are  electrically  indifferent,  being  neither 
attracted  nor  repelled  by  each  other. 

Electrical  excitement  is  occasioned  either  by  increase  or 
diminution  of  the  natural  quantity  of  electricity.  On  nibbing 
a  tube  of  glass  with  a  woollen  cloth,  the  electric  condition  of 
both  is  disturbed :  the  glass  acquires  more  electricity  than  it 
naturally  possesses,  or  is  over-charged  with  electric  fluid ;  and 
the  cloth,  losing  what  the  glass  gains,  contains  less  than  its 
natural  supply,  or  is  under-charged.  These  opposite  states 
are  denoted  by  the  algebraic  terms  positive  and  negative^  the 
former  corresponding  to  the  vitreous,  the  latter  to  the  resinous 
electricity  of  Dufay,  as  before  intimated. 

Bodies  either  positively  or  negatively  electrified  repel  each 
other;  when  positively  electrified,  in  consequence  of  the  repul- 
sion among  the  particles  of  the  electric  fluid  with  which  they 
are  surcharged ;  but  to  account  for  the  equal  tendency  of  nega- 
tively electrified  bodies  to  separate,  it  has  been  contended  that 
a  mutual  repulsion  must  be  ascribed  to  the  particles  of  matter 
itself  This,  it  was  for  a  long  time  supposed,  could  not  be  ad- 
mitted, as  it  appeared  to  be  directly  contrary  to  the  well-estab- 
lished law  of  universal  gravitation ;  but  it  has  recently  been 
shown  by  Mossotti  that  this  law  applies  to  matter  only  when  in 
its  ordinary  state  of  combination  with  electricity,  and  is  not  in- 
consistent with  the  supposition  that,  deprived  of  this  principle, 
the  particles  of  water  may  be  mutually  repulsive.  Though  the 
theory  of  Dufay,  therefore,  has  for  some  time  been  in  the 
ascendant,  it  is  now  believed  that  all  known  phenomena  admit 
of  explanation  equally  well  upon  that  of  Franklin. 

CAUSES    OP    ELECTRICAL    EXCITEMENT. 

177,  Friction. — This  cause  of  electric  excitement  having  been 
already  mentioned,  it  here  only  remains  to  state  the  usual 
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modes  of  developing  electricity  by  friction.  A  supply  of  nega- 
tive electricity  is  easily  obtained  by  rubbing  a  sticli  of  sealing- 
wav  or  a  glass  tube  covered  wiCli  sealing-wax,  with  sill*  or 
woollen  cloth ;  and  positive  electricity  is  freely  developed  whea 
a  dry  glass  tube  is  rubbed  with  eilk,  brown  paper,  or  flannel, 
the  surface  of  which  is  covered  with  a.  little  amalgam.  But  for 
obtaining  an  abundant  supply  of  electricity  it  is  necessary  to 
employ  an  electrical  loacnine,  which  is  a  mechanical  con- 
trivance for  exposing  a  large  surface  of  glass  to  continuous 
friction.  As  now  constructed,  it  is  formed  either  with  a  cylin- 
der or  plate  of  glass,  which  is  made  to  revolve  upon  an  axis, 
and  pressed  during  rotation  by  cushions  or  rubbers  made  of 
leather  stuffed  with  flannel,  and  covered  usually  with  silk.  On 
the  rubber  is  spread  an  amalgam  of  tin  and  zinc,  rendered  ad- 
faesive  by  admixture  with  a  small  quantity  of  lard  or  tallow. 
To  prepare  the  amalgam,  melt  in  a  Hessian  crucible  one  ounce 
of  tin  andliiree  of  zinc,  then  add  two  ounces  of  mercury  heated 
to  near  its  boiling  point,  stir  briskly  with  a  stick  for  a  lew 
minutes,  and  pour  the  raiKture  on  a  clean  dry  stone:  when 
cold,  pulverize  and  sifl,  and  preserve  the  fine  powderin  a  well- 
corked  dryphiaL  Another  essential  part  of  the  machine  is  the 
prime  conductor,  which  is  an  insulated  conductor,  commonly 
made  of  brass,  placed  in  such  immediate  proximity  to  the  re- 
volving glass,  that  the  electric  state  of  the  one  is  instantly  im- 
parted to  the  other.  There  is  often  a  second  prime  conductor 
to  vhich  Che  rubber  is  attached,  as  B,  iig.  17. 

178.  This  figure  is  designed  to 
represent  the  common  cjjlinder 
» electrical  machine.  A  is  the 
cylinder,  which  is  turned  by  the 
handle  H,and  B,  one  of  the  con- 
ductors to  which  the  rubber, 
is  attached.  C  is  the  prime  con- 
ductor on  the  opposite  side  of 
the  cylinder,  having  metallic 
points  presented  towards  it. 
Both  of  the  conductors  and  the 
cylinder  are  supported  by  glass 
pillars  to  insulate  (l7l)  them. 
DD'  are  rods  supporting  pith 
balls,  which  are  represented  as 
attracted  towards  each  other. 

Electricity  excited  in  this  manner  by  the  electrical  mnchine 
b  spmetimes  called  statical  electricity,  to  distinguisii  it  from 
dynamic  dcetridty,  which  will  be  hereafter  described  under  the 
head  of  galvanism. 

179.  The  electricity  developed  by  the  electrical  machine  Is 
due  partly  to  friction,  which  disunites  the  combined  eleclvi 
fluids  of  the  glass  and  rubber,  but  principaDy  to  the  osydation. 
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of  the  amalgam.  The  positive  fluid  is  transferred  to  the  glass, 
from  it  to  the  contiguous  prime  conductor,  and  thence  to  any 
system  of  conductors  connected  with  the  prime  conductor ;  and 
similarly  the  negative  fluid  collects  upon  the  rubber,  whence  it 
is  distributed  to  one  or  more  conductors  with  which  the  rubber 
may  be  in  connection.  Thus  all  insulated  conductors  in  con- 
tact with  the  prime  conductor  are  positive,  and  those  attached 
to  the  rubber  are  negative,  as  is  shown  in  fig.  17,  by  the  two 
pith  balls  (172)  being  attracted  towards  each  other.  When 
once  the  glass  and  rubber  are  excited,  it  is  necessary  that  the 
electric  equilibrium  of  both  should  be  restored  before  a  second 
development  can  occur  ;  and  accordingly  it  is  found  that  very 
little  electricity  is  obtained  when  the  prime  conductor  and  rub- 
ber's conductor  are  both  insulated.  To  obtain  a  supply  of 
positive  electricity  fi'om  the  prime  conductor  the  rubber  must 
communicate  with  the  ground,  in  order  that  its  negative  elec- 
tricity may  escape.  This  is  usually  accomplished  by  suspend- 
ing a  chain  from  the  rubber  to  the  table  on  which  the  instru'* 
ments  stand.  In  many  electrical  machines  the  rubber  is  not 
insulated,  and  then  of  course  the  chain  is  not  necessary.  To 
obtain  negative  electricity  from  the  rubber  it  must  of  course  be 
insulated,  and  the  prime  conductor  must  be  connected  with  the 
ground,  so  that  its  positive  electricity  may  escape. 

180.  Change  of  Temperature, — The  operation  of  this  cause 
of  electric  excitement  was  first  noticed  in  certain  minerals,  such 
as  tourmalin  and  boracite,  the  opposite  extremities  of  which, 
unlike  the  crystals  of  most  substances,  are  dissimilar,  and 
are  electrified  by  the  application  of  heat.  But  a  far  more 
general  principle  was  detected  by  Seebeck,  who  found  that  the 
electric  equilibrium  is  disturbed  in  certain  metallic  rods  or 
wires  when  one  extremity  has  a  different  temperature  from 
that  of  the  other,  whether  the  diflference  be  effected  by  the 
application  of  heat  or  cold.  This  observation  has  been  since 
shown  to  be  true  of  all  metals.  The  experiment  is  usually 
made  by  heating  or  cooling  the  point  of  junction  of  two  metallic 
wires,  which  are  soldered  together,  but  it  has  been  shown  that 
a  single  metal  is  sufficient,  provided  that  in  different  parts  of  the 
piece  there  are  differences  in  its  texture  and  cohesion.  This 
effect  is  readily  produced  by  casting  the  metal  in  such  a  form 
that  one  part  can  be  made  to  cool  more  rapidly  than  another. 

181.  An  instrument  of  great  sensibility  to  heat,  called  the  tkermo-multu 
plier^  has  been  constructed  on  this  principle  for  measuring  slight  changes 
of  temperature.  It  is  usually  constructed  with  some  forty  or  fifty  small 
bars  of  bismuth  and  antimony,  placed  parallel  beside  one  another,-  and 
forming  a  prismatic  bundle,  AB,  figure  18,  about  one  and  a  quarter  inch 
long  and  three-quarters  of  an  inch  in  diameter.  The  bars  of  bismuth, 
which  are  arranged  alternately  with  those  of  antimony,  are  soldered  at  their 
extremities,  and  separated  all  through  their  length  by  an  insulating  sub- 
stance.    To  the  first  and  last  bars  are  attached  copper  wires  which  termi- 
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Dale  in  tliB  pins  CC,  of  Ihs  sama  meta 
arrosa  Ihe  piisce  of  ivory  died  on  Uio 
The  freo  eifreraltjes  oFlhe  wire  ot'n  g»l' 
(5(i^)  are  then  to  be  brought  in  conlict  will)  tlie 
pina  UC,  Knd  Uiu  needle  by  it*  motionn  indicntea 
I  Rtiy  change  of  temperalure  wbicb  is  occuioned 
ainoug  tile  element*  of  the  pile.  The  inslrument 
in  designed  to  be  sustained  by  a  jninlcd  gupport,  w) 
as  lo  allow  freedom  of  niotian  in  every  direution. 

InHlrumciils  DfUihikind  have  been  mnda  so  sen- 
eltivu  es  tn  iridiciile  a  variation  of  temperalunt  of 
^jVi^  "f^s  degree  of  Fahrenheit's  scale. 

The  c.iperiinentB  orMelloai  on  the  diBlherinou*. 
K^  of  bndiei  already  referred  to  (40, 12)  wers 
■crronned  by  an  inalrumenL  o  this  kind. 

182.  Chemieal  Aclion.^Another,  and  pro- 
bably the  most  fertile  source  of  electricity,  is  diemicol  action. 
Tl)ia  was  denied  by  Davyin  his  Bakerian  lecture  for  1826;  but 
ezperimetita  afford  decisive  proof  that  chemical  union  and 
decomposition  are  both  attended  with  electrical  excitement. 

It  has  been  d  em  on  st  rated  that  the  gas  arising  from  the  sur- 
foce  of  burning  charcoal  is  positive,  while  the  charcoal  itself  is 
negative;  and  that  similar  phenomena  are  produced  by  the 
combustion  of  hydrogen,  alcohol,  oil,  and  other  inflammables 
of  the  same  kind.  In  all  these  inslances  the  combustible,  in 
the  act  of  burning,  renders  contiguous  particles  negative; 
while  the  oxygen  imparts  positive  electricity  to  the  products 
of  combustion.  The  fact,  with  respect  to  charcoal,  was 
originally  noticed  by  Volta,  La  Place,  and  Lavoisier,  but  waa 
subsequently  denied  by  Saussure  and  Davy.  Pouillet  has 
reconciled  these  conflicting  statements  by  showing  that  the 
result  depends  on  the  particular  mode  in  which  the  experi- 
ment la  conducted.  For  If  the  carbonic  acid  be  completely 
removed  frojn  the  burning  mass  at  the  instant  of  its  formation, 
both  are  found  to  be  electrical ;  but  if  the  carbonic  acid  subse- 
quently flow  over  the  surface  of  the  charcoal,  the  equilibrium 
will  instantly  be  restored,  and  no  sign  whatever  of  excitement 
be  perceptible. 

183.  Decisive  evidence  of  the  same  kind  is  supplied  by  the 
amalgam  of  the  electrical  machine,  the  influence  of  which  is 
proportional  to  the  degree  of  chemical  action,  and  which  ceases 
to  be  useful  as  soon  as  the  metals  are  oxydized.  Thus,  Wol- 
laston  found  that  an  amalgam  of  silver  and  platinum,  which  is 
indisposed  to  oxydizp,  is  of  no  use  when  applied  to  the  rubber; 
and  that  an  amalgam  of  zinc  and  tin,  which  is  the  most  oxyda- 
ble,  Is  also  the  best  amalgam  for  exciting  the  machine.  He 
observed  that  a  machine  in  good  action  ceased  to  act  when 
surrounded  with  carbonic  acid,  but  instantly  recovered  its 
action  on  re-admitting  the  air. 
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^184.  Contact. — Another  reputed  source  of  electricity  is  contact  of  dif. 
ferent  substances,  especially  of  metals ;  a  source  originally  sugfi^ested  by 
Volta,  who  founded  on  it  a  theory  of  galvanism.  Numerous  mcts  have 
been  adduced  by  later  experimenters  in  proof  of  the  position  that  mere  con. 
tact  is  sufficient  to  produce  electric  excitement.  Thus,  when  zinc  is  brought 
in  contact  with  copper  or  silver,  and  again  separated  by  means  of  an  insu. 
lating  handle,  the  zinc  is  found  positive,  and  the  copper  or  silver,  if  it  has 
been  insulated,  negative.  If  iron,  or  manganese,  or  even  plumbago,  be  sub- 
stituted for  the  zinc  plate,  the  result  will  be  the  same.  Other  metals  may 
also  be  substituted  for  these  with  the  same  effect,  though  in  many  cases  the 
excitement  is  exceedingly  weak. 

185.  When  oxalic,  succinic,  benzoic,  or  boracic  acid,  either  in  powder  or 
in  crystals,  is  touched  with  a  plate  of  copper  insulated  with  a  glass  handle, 
the  copper  becomes  positive,  and  the  acids  negative.  So  also  phosphoric 
acid,  when  applied  to  copper,  becomes  negative,  and  the  metal  positive. 
When  metallic  plates  are  made  to  touch  dry  lime,  strontia,  baryta,  magne- 
sia,  or  soda,  these  alkaline  bodies  become  positive  and  the  metal  negative ; 
and  when  sulphur  is  applied  to  polished  lead  or  other  metal,  it  becomes 
positive,  the  metal  taking  the  opposite  state. 

These  facts  rest  on  too  firm  a  foundation  to  be  shaken ;  but  it  is  believed 
that  the  real  cause  of  the  phenomena  has  been  mistaken  ;  and  the  opinion 
is  daily  gaining  ground  that  mere  contact  is  incapable  of  causing  electrical 
excitation.  The  effects  which  have  been  ascribed  by  some  to  this  cause  are 
referred  by  others  to  chemical  action  or  to  friction.  The  copper  and  zinc 
plates,  it  is  found,  show  no  signs  of  electricity  when  brought  into  contact  in 
an  atmosphere  of  nitrogen  or  hydrogen ;  and  the  excitation  that  is  produced 
in  the  open  air  must  therefore  depend  upon  the  slight  oxydation  that  is  then 
constantly  going  on  even  in  the  driest  atmosphere. 

This  opinion  is  farther  confirmed  by  the  fact  that  the  electrical  effects 
are  much  increased  by  introducing  acid  fumes  into  the  atmosphere,  or 
using  other  means  to  increase  the  chemical  action.  In  -other  cases  the 
electrical  effects  observed  may  be  produced  by  the  friction  of  the  metals  or 
other  substances  used. 

186.  Change  of  Form.. — The  changes  of  form  caused  in  a  sub- 
stance by  variation  of  temperature,  such  as  liquefaction  and 
solidification,  the  formation  and  condensation  of  vapor,  consti- 
tute another  reputed  source  of  electricity.  On  liquefying  sul- 
phur in  a  glass  vessel,  and  removing  the  cake  after  cooling, 
the  sulphur  is  found  to  be  negative  and  the  glass  positive ;  and 
on  pouring  water  into  a  hot  iron  vessel  or  on  a  hot  coal  com- 
municating with  a  delicate  electrometer,  the  rapid  evaporation 
of  the  water  is  attended  with  decisive  indications  of  electrical 
excitement.  To  processes  of  this  nature,  continually  taking 
place  in  the  atmosphere,  the  electricity  of  the  clouds  is  gene- 
rally ascribed. 

This  opinion,  however,  has  been  questioned,  and  it  has  been 
satisfactorily  shown  that  in  most  of  the  experiments  adduced 
in  its  favor,  chemical  actions  ensue  at  the  same  time,  and  that 
much  of  the  effect  is  due  to  such  changes.  If,  for  example,  eva- 
poration be  accompanied  by  chemical  decomposition,  as  when 
saline  solutions  are  evaporated,  the  water  being  separated  from 
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the  salt  with  which  it  was  previously  united,  or  if  the  vessel 
consist  of  iron  or  other  easy  oxydable  material,  which  is  more 
or  less  chemically  attacked  by  the  evaporating  water,  then  the 
development  of  electricity  is  very  decisive ;  but  when  pure 
water  is  evaporated  from  a  platinum  vessel,  the  quantity  of 
electricity  excited,  it  is  admitted,  is  very  small.  Nevertheless, 
a  small  quantity  is  formed,  and  very  recently  it  has  been  found 
that  large  sparks  of  electricity  may  draw  from  the  steam  issuing 
into  the  air  from  a  large  steam-boiler. 

187.  Proximity  to  an  Electrified  Body, — Induction. — It  is  a 
direct  consequence  of  the  attractive  and  repulsive  powers 
ascribed  to  the  electric  fluids,  that  an  unelectrified  conductor 
must  be  excited  by  the  vicinity  of  an  electrified  body.    Thus 

Fig.  19.  if  an  unex cited  conductor  AB,  sup- 

^       j^ ported  by  an  insulating  glass  rod,  is 

C  I  "^^  brought  near  another  body  C  charged 

'T  with  positive  electricity,  as  the  prime 

conductor  of  an  electrical  machine, 
the  end  A  immediately  shows  signs 
jL  r^^L>  of  negative  electricity,  and  B  the  op- 

^^  ^<S==^  posite  kind.    If  the  body  Chad  been 

electrified  negatively,  the  end  A  of  the  conductor  AB  would 
have  become  positively  electrified  and  B  the  reverse.  The 
electricity  thu^  induced  by  the  proximity  of  an  electrified  body 
is  said  to  be  excited  by  induction, 

188.  Bat  the  effect  thus  produced  in  the  body  AB,  when  brought  in 
proximity  to  the  electrified  Ixxiy  C,  does  not  depend  entirely,  as  was  for- 
merly supposed,  open  the  greater  or  less  distance  of  these  bodies  from  each 
other,  but  also,  as  has  recently  been  shown  by  Faraday,  upon  the  air  or 
other  medium  interposed  between  them.  He  has  proved  conclusively  that 
different  substances,  when  placed  between  the  electrified  body  and  tliat  on 
which  the  electricity  is  induced,  differ  essentially  in  their  power  to  trans- 
mit this  influence,  whatever  it  may  be ;  and,  he  proposes  to  call  this  pro- 
perty of  bodies  their  specific  inductive  capacity.  According  to  his  experi- 
ments, the  power  of  air,  flint-glass,  shell-lac,  and  sulphur,  to  transmit  this 
influence,  or  their  several  specific  inductive  capacities,  are  in  the  order  in 
which  they  are  mentioned,  that  of  sulphur  being  more  than  twice  that  of 
air. 

189.  These  facts  being  established,  an  inquiry  arises  with  respect  to  the 
manner  in  which  the  inductive  force  is  propagated  from  the  electrified  body 
to  that  on  which  the  electricity  is  induced.  In  the  conduction  of  electricity, 
the  fluid,  whether  positive  or  negative,  doubtless  is  conducted  or  transferred 
from  particle  to  particle,  through  the  whole  extent  of  the  conducting  sub- 
stance ;  so  also  in  induction,  in  the  opinion  of  Faraday,  the  inductive  force 
is  propagated  from  particle  to  particle,  not  however  by  the  fluid  passing 
over  them,  but  by  the  particles  being  thrown  into  a  certain  polarized  state 
by  the  electrified  body  sustaining  the  action,  each  assuming  positive  and 
negative  parts,  similarly  arranged  with  respect  to  each  other  and  to  the 
inducting  surfaces. 
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190.  The  action  of  the  Leyden  Jar  depends  on 
lit'  principle  of  induced  electricity.  A  glass  jar  or 
buttle,  fig.  20,  with  a  wide  mouth,  is  coated  exter- 
nally and  internally  witJi  tin-foil,  except  to  within 
three  or  four  inches  of  its  summit ;  and  itsaperture 
is  closed  by  dry  wood  or  some  imperfect  conductor 
through  the  centre  of  which  passes  a  metallic  rod 
communicating  wllh"  the  tin-foil,  on  the  inside  of 
the  jar.  On  placing  the  metallic  rod  in  contact 
^^^with  the  prime  conductor  (179)  of  an  excited  elec- 
— ='^"  trjcaj  machine,  while  the  outer  coating  communi- 
cates with  the  ground,  the  interior  of  the  jar  acquires  a  charge 
of  positive  electricity,  and  the  exterior  becomes  as  strongly 

The  opposite  electric  fluids  accumulated  on  the  opposite  sides 
of  a  charged  Leyden  jar  exert  a  strong  mutual  attraction 
through  the  substance  of  the  glass.  The  exterior  of  the  jar 
may  be  freely  handled,  and  its  coating  removed,  without  de- 
stroying the  charge,  provided  no  communication  be  made  at 
thesame  time  with  the  interior;  andif  the  exterior  be  insulated, 
the  charge  will  be  preserved,  though  the  tin-foil  of  the  interior 
be  removed.  But  when  a  conductor  communicates  with  both 
surfaces  at  the  same  instant,  the  two  fluids  rush  together  with 
violence,  and  the  equilibrium  is  restored, 

191.  The  electric  shock,  as  it  is  called,  is  experienced  when 
one  hand  is  made  to  communicate  with  the  outside  and  the 
other  with  the  inside  of  the  jar;  the  current  of  electricity,  in 
restoring  the  equilibrium,  of  course  passing  quite  across  the 
body. 

193.  Several  inBtramenla  called  electroBcopea  or  electromelcrB  bwie  been 
inTented  to  meaaure  the  inleaulj  of  bodies  differently  eicilcd,  but  aa  thii 
diicuBiiiHi  of  "  general  principlei"  ia  designed  only  aa  preparatory  to  Ihs 
following  section  on  GalTaDiem,  no  deBcripUon  of  them  ia  here  gireti.  For 
a  full  diacuaaion  of  the  aubject  of  common  electricily,  the  intelligent  alu- 
dent  ia  referred  lo  the  Library  of  U«eriil  Knowledge,  Olmsted'a  Fbiloaophy, 
and  other  worka. 


193.  The  science  of.^alvanism  owes  Its  name  and  origin  to 
the  experiments  on  animal  irritability  made  by  Galvani,  pro- 
fessor of  anatomy  at  Bologna,  Italy,  in  the  year  1790.  In  the 
course  of  the  investigation  he  discovered  the  fact  that  muscular 
contractions  are  excited  in  the  leg  of  a  frog  recently  killed, 
when  two  metals,  such  as  zinc  and  silver,  one  of  which  touches 
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t]ie  crural  nerve,  and  the  other  the  muscles  to  which  it  is  dis- 
tribiiled,  are  brought  into  contact  with  one  another,  lialviini 
imagined  that  tlie  phenomena  are  owing  (o  electricity  iiresent 
in  tlie  muacles.  and  that  the  metals  only  serve  the  purpose  oia 
conductor.  He  conceived  tiiat  the  animal  electricity  originates 
in  the  brain,  is  dislribated  to  every  part  of  the  system,  and 
resides  paiticularly  in  the  muscles.  He  was  of  opinion  that 
the  difierent  partsof  each  muscular  fibril  are  in  opposite  states 
of  electrical  excitement,  like  the  two  surfaces  of  a  charged  Ley- 
den  phial  (190%  and  that  contractions  take  place  whenever  the 
electric  efjuilibrium  is  restored.  This  he  supposed  to  be  eflecled 
during  life  through  the  medium  of  the  nerves,  and  to  have 
been  produced  in  his  experiments  by  the  intervention  af  inetulUe 
conductors. 

194.  The  views  of  Galvani  had  several  opponents,  one  of 
whom,  the  celettruted  Volta,  professor  of  niitural  philosophy  at 
Pavia,  succeeded  in  pointing  out  their  fallacy.  Volta  main- 
tained that  electric  excitement  is  due  solely  to  the  metals,  and 
that  the  muscular  contractions  are  occasioned  by  the  eleetri- 
ci^  thus  developed  passing  along  the  nerves  and  muscles  of 
the  animal.  To  the  experiments  instituted  by  Volta  we  are 
Indebted  for  the  first  voltaic  apparatus,  which  has  properij"  re- 
ceived the  name  of  the  vollaic  pile;  and  lo  the  same  distin- 
guished philosopher  belongs  the  real  merit  of  laying  the  founda- 
tion of  the  science  of  Galvanism. 

195.  The  identity  of  the  agent  concerned  in  the  phenomerex 
of  galvanism  and  of  the  common  electrical  niacliine  is  now  ii 
matter  of  demonstration.  Galvanic  and  common  electricity 
are  due  to  the  same  force,  excited  by  different  conditions, 
(grating  in  general  in  a  different  manner  and  under  dtfTerent 
circumstances.  The  effects  of  the  latter  are  caused  by  a  com- 
paratively small  quantity  of  electricity  brought  into  a  state  of 
inaulation,  In  which  state  ft  exerts  a  nigli  intensity  as  evinced 
by  its  remarkable  attractive  and  repulsive  energies,  and  by  its 
power  to  force  a  passage  through  obstructing  media.  In  gal- 
vanism the  electric  agent  is  more  Intimately  associated  with 
other  substances,  is  developed  in  large  quantity,  but  never 
attains  a  high  tension,  and  produces  its  peculiar  effects  wliilo 
flowing  along  conductors  in  a  continuous  current. 


196.  Arrangements  for  exciting  galvanism  are  divided 
eimple  and  compound,  tlie  former  being  voltaic  circles  in  thetr 
most  elementary  Ibriii,  and  the  latter  a  collection  of  simple  cir- 
cles acting  together;  it  will  therefore  be  proper  to  commence 
the  description  of  them  with  the  most  simple. 

197.  Simp'e  Gulvanic  Circles.— A  simple  galvanic  circle  fs 
formed  ofthree  substances,  two  of  which  generally  are  metals, 
and  the  other  a  liquid;  but  the  quantity  of  the  latter  KWJ  \» 


very  small.  The  experiment  often  given  to  illustrate  the  origii 
discovery  or  Galvani  is  made  with  a  simple  circuit.  It  m 
easily  be  performed  in  the  following  manner :  Separate  1 
le^s  ofa  Fro^rrom  the  body,  leaving  a  small  [Kirtionof  theapj 
with  the  spmal  cord,  to  which,  after  removing  the  skin  iri 
the  legs,  a[tiich  a  small  piece  of  tin-foil.  If  now  a  piece  of  sili 
coin  or  zinc  plate  is  made  to  touch  at  the  same  time  the  He 
of  the  thigh  and  tiie  tin-foil,  the  muscles  of  the  leg  will 
instantly  convulsed  by  the  passage  of  the  galvauic  curre 
the  circle  in  this  case  consisting  ofthe  two  metals  and  the  pat 
of  the  animal  interposed  between  them.  The  irritability  w 
often  remain  more  than  an  hour,  but  the  experiment  shoo 
always  he  made  witliin  fifteen  or  twenty  minutes  after  the  fri 
has  t>een  killed. 

198.  The  Icjfa  of  grasshoppers*  a 
J  Bwer  equnlly  well  with  (hose  of  frogs  b 
performing'  this  eiperimEnl,  and  oon  "" 
prepared  much  moie  readily.  It  is  neo 
sary  only  to  remove  with  a  shaip  penkii 
a  portion  ofUia  nkin  from  eaoh  ude  ofl 
thick  part  of  one  of  the  leaping  legs,  bo  as  to  expose  [he  flesh  j  llion  by  lai 
in?  Ilie  under  sido  of  tbe  leg  upon  a  small  piece  of  moistened  zinc,  ai 
biinging-  a  piece  of  copper  in  contact  with  tiio  flesh  eiposed  on  the  uppi 
side,  no  moliona  will  be  ohserved  until  the  copper  also  louchee  the  lit 
whon  quick  moveinenls  or  jecka  of  tho  lower  part  of  llio  leg  will  be  SM 
eacU  lime  (be  contact  is  made.  See  fig,  SI,  in  which  C  reproaents  the  cd 
per,  Z  the  zinc,  snd  AB  the  leg  ofthe  grassliopper. 

199.  The  following  are  also  examples  of  the  simple  galvan] 
circle,  which  will  perhaps  illustrate  more  clearly  what  is  mean 
by  the  term,  as  well  as  show  some  of  thedifferent  modification 
of  which  it  is  susceptible. 

When  a  plate  of  zinc  and  a  plate  of  copper  are  placed  in 
vessel  of  water,  and  the  two  metals  are  made  to  touch  e 
other,  either  directly,  or  by  the  intervention  of  a  metallic  w 
electricity  is  excited.  The  action  is,  indeed,  very  feeble,  ai 
not  to  be  detected  by  ordinary  methods ;  but  if  a  little  sulphur, 
acid  be  added  to  the  water,  numerous  globules  of  hydrogen  ga 
will  be  evolved  at  the  surface  ofthe  copper.  This  phenoraene^ 
continues  uninterruptedly  while  metallic  contact  between  tb 
plates  continues,  in  which  state  the  circuit  is  said  to  be  chtedf 
but  it  ceases  when  the  circuit  is  broken,  that  is  when  metallffi 
contact  is  interrupted.  The  hydrogen  gas  wliich  arises  froni 
the  copper  plate  results  from  water  decomposed  by  the  electrlj 
current,  and  its  ceasing  to  appear  indicates  the  moment  when 
the  current  ceases.  In  this  case  the  galvanic  circle  consists  of 
zinc,  copper,  and  interposed  dilute  acid,  and  the  circle  gives 
rtse  to  a  current  only  when  the  two  metals  are  in  contact. 
This  arrangement  is  shown  in  fig.  22,  where  metallic  contact 
*  Sil.  Journal,  i 
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Pig. «. is  readily  made  or  broken  by  means  of  cop- 
per wires  soldered  to  the  plates. 

The  direction  of  the  positive  current,  it 

should  be  remembered,  is  always  from  the 

B^^i^H       14  ^^^  throijgh  the  liquid  to  the  copper,  and  in 

V.    Iim^    Jr  the  opposite  direction  on  the  wires  above 

V^s ylf  the  liquid. 

It  matters  not,  so  far  as  galvanic  action 
is  concerned,  at  what  part  the  plates  touch  each  other.  A  cur- 
rent is  formed,  whether  contact  between  the  plates  is  made 
below  where  covered  with  liquid,  above  where  uncovered,  or 
along  the  whole  length  of  the  plates,  provided  both  plates  are 
immersed  in  the  same  vessel  of  diluted  acid. 

Fig.  23.  But  this  last  condition  is  absolutely  es- 

sential, and  no  current  is  established  where 
the  two  plates  of  metal  connected  with  each 
other  are  placed  in  different  vessels,  as  is 
aebe,  figure  23,  or  are  soldered  together 
and  made  to  constitute  the  separation 
between  two  cells  in  the  same  vessel, 
unless  the  precaution  is  taken  to  form  a 
connection  with  the  liquid  of  the  two  ves- 
sels or  cells,  by  means  of  some  moistened  fibres  of  cotton  or 
other  substance,  or  a  metallic  wire,  asfghi,  in  the  figure.  In  such 
cases  the  positive  current  passes  from  the  zinc  vessel  or  cell, 
over  the  conducting  substance  to  the  one  containing  the  copper. 
Figure  23,  in  the  margin,  will  be  understood  without  more  par- 
f  ticular  explanation.  The  arrows  as  before  show  the  direction 
»  of  the  current. 

'  A  simple  galvanic  circle  may  be  formed  of  one  metal  and  two 
liquids,  provided  the  liquids  are  such  that  a  stronger  chemical 
action  is  induced  on  one  side  than  on  the  other.  Nay,  even  a 
plate  of  metal  with  two  portions  of  the  same  liquid  may  be 
made  to  constitute  the  simple  circuit,  provided  only  the  condi- 
tions are  such  that  one  side  of  the  metal  shall  be  acted  upon  by 
the  liquid  more  readily  than  the  other.  This  will  be  effected 
if  one  portion  of  the  liquid  is  warmer  or  stronger  than  the 
other,  or  if  one  surface  of  the  metal  is  rough  and  the  other 

polished. 
^  200.  A  very  excellent  contriv- 
ance for  a  simple  circle  is  made 
as  follows:  A  copper  vessel  C, 
fig.  24,  is  made  of  two  cylinders 
of  sheet  copper  of  unequal  size, 
placed  one  within  the  other,  and 
soldered  together  at  bottom  so  as 
to  leave  an  intermediate  space 
aaa  to  contain  the  zinc  cylinder 
Z  and  diluted  acid,  or  solution  of 
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blue  vitriol,  wliicli  is  found  to  be  better.  The  small  copper 
cups  lib  are  niiide  to  contain  a  little  mercury,  and  are  service- 
able in  riiiiMiiig  tlie  eKperimenter  to  close  or  brealt  the  circuit 
with  fudlity. 

P^2.  a,'h  !W'  Another  modification  of  the 

imple  circle    recently   introduced 
lossesses  too  many  advantages  to 
^f%  =        be  entirely  omitted.     A,  fig.  25,  ia  a 

I  Jrtffiim''  1    -f^Sr     common  glass  jar  of  about  a  quart 
f^V^— ^"l    ir.t-/-Y7  capacity,  containing  within  it  a  coil 
ii!i'^;ii!;j^''of  the  thinnest  sheet  copper.C,  aup- 
"  posed  to  be  seen  through  the  glass. 

Within  thecoppercoUisacylindrical 
B  vcaspi  B,  made  of  calcined  plaster, 
having  a  piece  of  copper  tube  E  ce- 
mented intoit  at  lop,  and  hemispheri- 
cal copper  vessel  D  with  holes  perfo- 
rated through  it  like  a  cullender, 
or  slits,  as  seen  in  the  figure. 
u-ggl.  .' ^  -  I        The  plaster  vessel  with  its  ap- 

'^'"iv^,  .^  .  -^.vi^,,^  pendages  is  represented  also  at  the 
right,  removed  from  the  jar.  An 
amalgamated  cylinder  of  zmc  is  suspended  in  the  plaster  ves- 
sel by  me.ins  of  a  jjiece  of  wood  which  perforates  it  and  rests 
on  the  collar  of  tojiper  An  acid  solution  of  blue  vitriol,  which 
is  Itept  saturated  by  crystals  of  the  salt  contained  in  the  cul- 
lender D,  fills  the  glass  jar  around  the  plaster  vessel,  which 
itself  contains,  surrounding  the  cylinder  of  zinc,  diluted  sul- 
phuric acid,  made  with  one  measure  of  acid  and  eight  of  water. 
A  small  mercury  cup  m  is  soldered  to  the  zinc,  and  a  metallic 
wire  P  soldered  fo  tiie  coil  of  copper  serves  by  bending  it  so  as 
to  enter  the  mercury  cup  ni,  to  close  the  simple  circle  (199),  or 
by  bending  to  the  right,  as  In  the  figure,  to  connect  with  the 
zinc  of  the  next  element  in  the  compound  circle  (208). 

202.  In  this  arrangement  it  will  be  seen,  the  cupreous  solu- 
tion comes  in  contact  with  the  copper  only,  and  the  acid  only 
with  the  zinc.  When  in  action  the  electric  current  passes 
throufth  the  sides  of  the  porous  plaster  vessel,  and  a  deposition 
of  metallic  copper  is  constantly  taldng  place  upon  the  surface 
of  the  copper  plate. 

Animal  membrane,  as  a  portion  of  the  gullet  of  an  ok,  c. 
calfs  bladder,  answers  still  better  than  the  plaster  vessel,  but 
they  are  dilBcult  to  preserve,  especially  in  warm  weather. 

303.  A  siinplo  oppamlns  of  thja  kind,  witli  some  slltiriit  nindilicHtioiift 
conaliliilCR  Itia  elecirolype;  which  is  an  invention  Ibr  copying  nipdDlB,co' 
and  QlliGF  slniilur  artittcs  in  cnp|icr.    Wlicn  the  circle  above  described  b 
operatiozi,  tlic  sulpliatc  of  copper  used  is  gmdually  decomposed,  jiiat  a> 
both  the  copper  and  tlie  iioa  plates  were  immersed  directlj  in  tlie  ti._- 
viljiol  aoliiUoD  i  but  the  copper  in  Ihii  cue  i«  prccipilated  in  d,  eolid  form 
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^03)  upon  the  copper  pinto,  which  is  Ihorefare  cmatantlf  incre 
thickness,  vhik  aiilplinle  a(  line  is  rcrmei)  within  the  ploalcr  reus 
UBC  tlic  single  circbs  al'tliis  Ibrm,  lliRrefure,  for  1)ib  purpose  or  the 
tyfH!,  it  is  ont;  necessary,  instead  ef  the  copper  plate  or  coil  C  to 
Bkelelan  or  moiild  of  the  urticle  to  be  coined,  sUBpended  by  a  nire  oi 
copper  and  connected  with  the  xinc  within  the  plotter  rctsel.  The 
or  pattern  ahonld  bo  covered  with  wai,  oicept  the  psrt  of  it  to  be 
upon  which  tho  copper  will  be  gradually  deposited,  copying  of  coi 
ill  minutest  poculiaritiaa.  It  is  evident  that  elevations  in  the  artiole  CDpisd 
will  by  this  proeess  be  repiosenled  by  dsprBnionB,  and  depreaaitnu  b;  eleva- 
tioni,  BO  UiBt  a  meda]  in  relievo  will  be  copied  in  intaglio,  and  vice  versa) 
btit  toobtnJn  an  exact  copy  in  relievo  of  a  inedaliit  is  necoHsary  lint  to  Ibrni 
the  intnglio  copy,  which  is  to  ba  osod  as  a  pattern  or  malrii  in  which  to 
east  the  ciqiy  desired.  Sometimes  tho  intaglio  copy  is  mado  in  Cusiblc  metal 
or  lead,  or  even  in  plaster,  but  in  tliia  last  cose  the  surface  must  be  niJide 
■n  eloctrical  conductor  by  coating-  it  with  bronze  or  washing  it  with  nitrate 
of  silrer  and  exposing  it  to  vapor  of  solution  of  pbosptiorus  ui  alcohol  oi  oil 
of  turpentine. 

204.  It  is  not  necessarythatcopper  and  zinc  alone  shouldal- 
waya  beused  in  these  experiments ;  other  metals  may  be  adopted 
with  equal,  and,  in  some  cases,  even  more  decisive  results. 
Nor  ia  it  required  that  the  liquid  should  always  contain  an  (icid; 
other  substances,  as  solutions  of  the  salts,  are  quite  as  efBwi- 
doue  in  exciting  this  subtile  fluid.  The  conditions  required 
are  that  the  metala  and  liquid  used  should  be  such  that  chemi- 
cal action  will  take  place  more  readily  between  one  of  them 
and  the  liquid  than  between  the  other  and  the  liquid;  and  that 
metal  is  always  found  positive  (below  the  suriace  of  the  liquid) 
which  is  most  acted  upon  by  it.  Oilier  things  being  equal,  the 
galvanic  action  will  be  more  intense,  the  greater  the  diHerence 
between  the  two  metals  used,  as  regards  their  tendency  to  be  1 
acted  on  by  the  particular  menstruum  in  which  they  are  im*! 
mersed.  Thus,  with  a.  common  acid,  silver  and  zfnc  woulii; 
form  a  more  powerful  galvanic  circle  than  tapper  and  z  _ 

gold  or  platinum  with  zinc  would  answer  still  better,  because ■ 
copper  is  more  readily  acted  upon  by  these  acids  tlian  eillier  ■ 
of  the  other  metals  mentioned. 

S05.  The  current  formed  by  the  contact  of  two  metals  givea  ] 
increased  effect  to  the  affinity  of  one  of  them  for  some  element 
of  liie  solution,  but  the  ability  of  the  other  metal  to  undergo 
the  same  change  ia  proportionally  diminished.  Thus,  when 
plates  of  zinc  and  copper  touch  each  other  in  dilute  acid,  the 
zinc  osydizes  more,  and  the  copper  less  readily  than  without  . 
contact. 

It  was  on  this  principle  that  Davy  proposed  to  protect  the  copper  sheii 
ing*  of  ship.^,  by  means  of  pieces  of  zinc  altached  to  it ;  ligt  the  plan,  it 
Jbund,  cannot  be  adoplfd  in  practice,  bccouso  the  surllce  of  the  copp 
unless  it  ia  gradually  corroded  by  the  actinn  of  )lic  B.^ii.woter,  becomea  fi 
Uid  injures  the  saiilng  of  the  sliips.  The  artiole  culled  gaUamsfd  in 
teceotl;  introduced  into  use,  is  simply  iron  coated  with  unc,  Ums  \a).\£i  i:j 
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which,  by  the  galvanic  action  that  takes  place,  serves  to  protect  the  iron 
from  the  rusting  that  would  otherwise  be  observed. 

206.  Metallic  bodies  are  not  essential  to  the  production  of  gal- 
vanic phenomena.  Combinations  have  been  made  with  layers 
of  charcoal  and  plumbago,  of  slices  of  muscle  and  brain,  ai^d 
beet-root  and  wood ;  but  the  force  of  these  circles,  though  accu- 
mulated by  the  union  of  numerous  pairs,  is  extremely  feeble; 
and  they  are  rarely,  if  ever,  employed  in  practice. 

207.  Several  familiar  experiments  depend  npon  the  galvanic  action  that 
takes  place  in  consequence  of  the  formation  of  simple  galvanic  circles.  If  a 
piece  of  zinc,  perfectly  bright,  and  a  piece  of  silver  be  placed,  one  above  the 
tongue  and  the  other  below  it,  a  peculiar  taste  will  be  observed  every  time 
they  are  brought  in  contact  with  each  other. 

If  a  silver  dollar  be  placed  upon  a  larger  piece  of  zinc,  an  earth-worm  or 
leech  placed  on  the  silver  will  be  convulsed  by  the  passage  of  the  electrical 
current,  as  oflen  as  he  extends  his  body  so  as  to  come  in  contact  with  the 
zinc.    The  worm  should  be  perfectly  clean  and  moist  when  used. 

Iron  nails  cannot  be  used  in  the  construction  of  the  bottoms  of  ships 
which  are  to  be  sheathed  with  copper,  because  they  are  so  rapidly  corroded 
in  consequence  of  the  galvanic  circles  which  are  formed  between  them  and 
the  copper. 

208.  Compound  Galva7iic  Circles, — The  compound  galvanic 
circle,  or  galvanic  battery,  consists  of  any  number  of  simple 
circles  so  arranged  in  a  series  that  the  copper  of  each  simple 
circle  is  connected  with  the  zinc  of  the  one  adjacent.  The  first 
combinations  of  this  kind  were  described  by  Volta,  and  are 
now  well  known  under  the  names  of  the  voltaic  pile,  and 
couronne  des  t asses,  or  crown  of  cups.*  The  voltaic  pile  is 
formed  of  pieces  of  copper,  zinc,  and  cloth,  moistened  with  a 
saturated  solution  of  salt  or  acidulated  water.  Commencing 
with  either  of  the  metals,  upon  this  is  placed  a  piece  of  cloth 
and  then  a  piece  of  the  other  metal,  the  three  of  course  consti- 
tuting a  simple  galvanic  circle.  Upon  this  circle  other  simple 
circles  are  then  rormed  in  the  same  manner,  care  being  taken 
to  place  the  metals  throughout  the  series  in  the  same  order. 

Without  this  precaution  the  apparatus  would  give  rise  to  op- 
posite currents,  which  would  neutralize  each  other  more  or 
less  according  to  their  relative  forces.  The  pile,  which  may 
consist  of  any  number  of  combinations,  should  be  contained  in 
a  frame  formed  of  glass  pillars  fixed  into  a  piece  of  thick  dry 
wood,  by  which  it  is  both  supported  and  insulated.  Any  num- 
ber of  these  piles  may  be  made  to  act  in  concert  by  establish- 
ing metallic  communication  between  the  positive  extremity  of 
each  pile  and  the  negative  extremity  of  the  pile  immediately 
following. 

209.  Fig.  26  will  assist  in  forming  a  correct  idea  of  the  vol- 
taic pile,  in  which  the  light  lines  represent  the  copper,  and  the 

*  This  name  was  suggested  by  the  circular  form  in  which  he  arranged  the 
cups  constituting  his  battery. 
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ng.ie.        dark  lines  the  zinc  plates,  with  pieces  of  moist- 
eued  cloth,  a  little  smalier  than  the  plates  between 
every  pair. 
When  in  action  the  upper  zinc  plale  is  nega- 
^   tive  and  the  lower  copper  plate  positive.    These 
I  extremities  of  the  pile  have  been  called  its  pole*, 
which  however  may  be  prolonged  by  wires,  as 
'"I  the  figure.     When  the  poles  are  united  by 

iK^^  wires  or  other  conducting  substances,  a  continu- 
p^Bj  ous  positive  current  flows  from  the  positive  to 
^^p  the  negative  pole,  as  indicated  by  the  arrows. 
>  '  ■'  ",  Recently  it  has  been  proposed  to  call  the  poles 
J  electrodet,  from  wjxr^ov,  and  o6os,  a  way. 

The  voltaic  pile  is  now  rarely  employed,  be- 
e  possess  other  modes  of  forming  galvanic  combinations 
ire  far  more  powerful  and  convenient.  The  galvanic 
battery  proposed  by  Cruicksbank  consists  of  a  trough  of  baked 
wood,  about  thirty  inches  long,  in  which  are  placed  at  equal 
distances  Rfty  pairs  of  zinc  and  copper  plates  previously  sol' 
dered  together,  and  so  arranged  that  the  same  metal  shall 
always  be  on  the  same  side.  Each  pair  is  fixed  in  a  groove 
cut  in  the  sides  and  bottom  of  the  box,  Uie  points  of  junction 
being  made  water-tight  by  cement.  The  apparatus  thus  con- 
structed is  always  ready  for 
v^  use,  and  is  brought  into  actioa 
)  by  filling  the  cells  left  between 
thepairsofplateswithsomecon- 
veoieat  solution,  which  servcB 
the  same  purpose  as  the  moist- 
ened cloth  in  the  pile  of  Volta. 
e  fig.  27. 
Compound  circles  of  this  form  are  yet  considerably  used  in 
conse<iuence  of  the  great  simplicity  of  their  construction,  but 
they  have  several  not  unimportant  defects,  as  the  liquid  used 
can  act  only  upon  one  side  of  each  of  the  plates,  nor  can  it 
easily  be  poured  at  the  sume  instant  into  all  the  cells,  which  is 
necessary  to  secure  the  greatest  energy  of  the  instrument. 

210.  Other  modes  of  combination  have  been  devised  to  remedy 
these  defects,  most  of  which  may  be  regarded  as  modifioationa 
of  the  crown  of  cups  of  Volta.  In  this  apparatus,  which  is 
p;.  9n  represented  in  the  figure  28,  the  ex- 

citing  solution  Is  contained  in  separate 
)  cups  or  glasses,  disposed  circularly  or 
"   "     ""  '    "'ass  contains  a  pair  of 
zinc  plate  is  attached 
to  the  copper  of  the  next  pair  by  a 
metallic  wire,  which  is  soldered  to  the  | 
plates.    Instead  of  glasses,  it  is  morBi 
to  employ  a  trough  of  baked  wood  Qftj 
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glazed  earthenware,  divided  into  separate  ceDs  by  partitions 
of  llie  same  material ;  and  in  order  that  the  plates  may  be  im- 
iiiei'.'^ed  into  and  taken  out  of  the  liquid  conveniently  and  at 
till'  saine  n.oiiieiil,  the^  are  all  attach^  to  a  bar  of  dry  wood, 
the  tivcissary  connection  between  the  zinc  of  one  cell  and  the 
copper  of  tl;e  adjoining  one  being  accomplished  by  a  slip  or 
wire  of  eopiier. 

211.  >Still  otiier  modifications  of  the  galvanic  battery  have 
been  proposed,  but  Faraday.after  very  numerous  experiments, 
gives  Ilie  preference  to  the  battery  invented  some  years  since 
by  Dr.  Hare  of  Philadelphia,  and  described  by  him  under  the 
name  of  (he  Galeanic  Dtfiagrator.  In  this  instrument,  the  cop- 
per plates  are  made  to  pass  quite  around  both  surfaces  of  the 
zinc  plates,  but  arc  prevented  from  coming  in  contact  with  them 
by  means  of  little  plugs  of  cork;  and  tiie  copper  plates  are 
separated  from  each  other  by  the  introduction  of  thin  veneers 
Fig.  a».  of  wood,  or  pieces  of  car- 

I 1  , ,  tridge-paper.    The  copper 

L and  zinc  plates  are  cut  out 

U^=L_     


and  soldered  together,  a 
represented  In  fig.  29,  and 
are  then  bent  over  the 
gauge,  as  seen  in  fig.  30;  and 
when  packed  in  the  wooden  box 
constructed  to  receive  them,  ihey 
are  arranged  as  shown  in  fig.  31 
—the  zinc  plate  inclosed  in  one 
of  the  copper  cases  being  soldered 
to  the  copf)er  inclosing  the  next 
'  adjacentzincpiate.  Bythismeans 
a  great  increase  of  power  is  obtained.  No  division  of  the  trough 
into  cells  is  retiuired, 

212.  The  size  and  number  of  the  plates  in  a  liattery  may  be 
varied  at  pleasure ;  but  it  is  found  that,  except  in  a  very  few 
experiments,  little  is  gained  by  increasing  the  number  of  plates 
beyond  a  very  moderate  limit,  a  battery  of  50  or  100  pairs  of 
plates  thrown  into  vigorous  action  answering  nearly  every 
purpose  of  one  of  far  greater  extent 

The  Calorimotor  of  Hare,  so  named  by  him  from  its  surpris- 
ing power  of  igniting  the  metals,  is  composed  of  20  zinc  and  20 
copper  plates,  each  about  18  inches  square,  so  arranged  as  to 
constitute  two  pairs.  This  instrument,  notwithstanding  its 
great  heating  power,  possesses  but  a  very  feeble  electrical 
energy,  not  in  any  degree  superior  to  that  of  two  pairs  of  very 
amall  plates. 

213.  A  very  effective  battery  which  for  most  purposes  it  is 
thought  will  supersede  all  others  lias  been  formed  by  Daniel 
of  London,  by  combining  20  or  25  of  the  simple  circles  already 
described  (201,  fig.  25).    From  the  constancy  of  its  action  It  Ls 
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I  oiled  the  eomtanl  battery ;  and  possesses  far  greater  ejierpy 
Ibaii  a  battery  of  aji}' other  construction  with  an  equal  quantity 
of  metal. 
I  214.  The  electrical  condition  or  compound  voltaic  arrange- 
I  dents  13  similar  to  that  of  the  simple  circle.  In  the  broken  cir- 
cuit no  electric  current  can  be  traced ;  but  in  the  closed  cir- 
cuit, that  is,  when  the  wires  from  tlie  opposite  ends  of  the 
battery  are  in  contact,  the  galvanometer  indicates  a  positive 
electric  current  through  the  battery  itself  and  along  the  wires, 
as  shown  by  the  arrows  in  figure  28. 

315.  Ab  batteiiea  are  aometiineB  conaUucted,  and  aa  tbe;  utb  uidbII; 
repreBented  \o  books,  Ihe  direction  of  the  current  appears  to  be  the  reyerso 
of  that  iit  the  simple  circuit,  hut  this  is  in  coascquence  of  there  hciog  a 
superSuoua  piste  at  each  extremity  which  serves  only  as  a  ccndactor.  In 
the  figorei    "      ■ 
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216.  The  energy  of  the  battery  depends  very  much  upon  the 
nature  of  the  liquid  used.  A  solution  of  common  salt,  sulphate 
ttfsoda,  nitrate  of  potassn,  alum,  hydrochlorale  of  ammonia,  or 
other  salt  will  answer  the  purpose,  but  acids  are  much  better. 
Generally  one  of  the  stronger  acids  is  used  diluted  with  20  or 
30  times  its  weight  of  water.    Nitric  acid  gives  the  battery  the 

freatest  energy,  but  Ihe  action  is  of  short  continuance,  while 
ydrochioric  acid  produces  a  less  intense  but  more  enduring 
, action.  Faraday  recommends  for  ordinary  purposes  a  mixture 
of  4^  parts  of  sulphuric  acid  with  4  of  nitric  diluted  with  200  of 
water.  Whatever  may  be  the  liquid  used,  it  is  of  great  im- 
portance that  all  the  cells  of  the  battery  be  filled  with  the  same. 

SIT.  The  elcctrica]  CDJumn  of  De  Lue  is  gvnersll/  clissed  amone  gal- 
TUiic  iiTangDinenta.  As  originaliy  contrived  it  was  formed  of  diiika  of 
Dutch  gilt  paper,  atlernated  with  similnr  disks  of  Inminaled  zinc.  Thea« 
were  piled  upon  each  other  in  an  ordinary  dry  stale  i  and  instead  of  beings 
I  •DoD  exhausted,  as  ia  the  esse  with  other  cnmblnations,  it  continued  in  activs 
operation  for  yean.  A  similar  pile,  it  is  said,  may  bo  formed  bv  laying'  Si 
mixture  of  very  finely  powdered  zinc  with  common  glue  and  a  little  BUgar, 
by  means  of  a  bruab,  on  the  back  of  Dutch  gill  paper,  and  when  dry,  cutting 
it  in  disks,  which  are  to  he  piled  upon  each  other. 

318.  This  bas  been  quoted  aa  an  instance  in  which  electricity  is  excited 
by  simple  contact ;  but  it  appcate,  aa  Ihe  column  gives  no  signs  of  electri- 
city when  made  pertcctty  free  trom  moisture,  that  aomething  more  than  the 
Inete  contact  of  the  metals  is  required;  and  the  zinc,  it  ia  observed,  is  gradu- 
■Uy  oiydixed.  It  is  true,  the  quantity  of  electricity  developed  in  very  large 
in  proportion  to  the  slight  oxydation  of  the  metals  that  takes  place,  bat  at 
the  same  lime  it  appears  to  be  in  the  exact  ratio  of  tlie  amount  of  tbia 
oiydntioD.  The  action  of  the  column  is  therefore  promoted  by  any  iooreaae 
in  the  mmature  oftfio  atmoapliore,  or  by  elevalJon  of  temperature. 

Several  animala,  as  the  lorpcda,  snd  the  gymnalaa  tieclriimt,  have  the 
power  of  giring  powerful  shocka  of  electricily,  by  means  of  peculiar  gal- 
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Tinie  arran^niDnU  with  wbich  nature  has  providGd  them.    But  it  «iidM 
ba  Dot  oT  place  hero  to  enter  upon  a  delailL-d  bccouiiI  of  ll^oae  plici 

219.  /<u«.'«  of  the  Actim  nf  Oaleanic  Circles. — EleclriciaDS 
distiDguiBli  between  quantity  and  intensity  in  galvani 
ordinary  eJectricitjf.  Quantity,  in  reference  to  a  voltaic  circle, 
^^ifles  tlic  quantity  of  electric  fluid  set  in  motion ;  and  by 
tetteion  or  itilensity  is  meant  tlie  energy  or  etfort  witli  whicii  a 
current  Isimpelleu.  If  two  similar  conducting  surfaces  of  equal 
extent  be  supplied  with  equal  quantities  of  free  electricity,  tliey 

twill  possess  tliesameiiitensity,  but  if  one  surface  is  larger  llian 
the  other,  the  intensity  of  the  smaller  will  he  the  greatest.  In- 
deed, the  intensity  will  always  be  in  proportion  to  the  quantity 
of  electricity  upon  a  given  amount  (as  a  square  inch)  of  sur- 
face. We  may  suppose  the  degree  of  intensity  to  depend  upon 
the  smailness  of  the  distance  at  which  the  particles  are  placed 
from  each  other.  The  nearer  they  are  the  greater  will  be  the 
repulsion  which  they  will  exercise  upon  each  other,  and  the 
greater  will  be  their  attraction  for  the  opposite  electricity ;  but 
the  quantity  will  depend  upon  the  extent  of  surface  over  which, 
it  is  distributed. 

A  large  quantity  of  electricity  requires  conductors  to  be  of 
larger  size  that  the  current  may  be  freely  transmitted,  but  cur- 
rents of  high  tension  are  urged  forward  will)  greater  impetu- 
osity than  feeble  ones,  even  of  greater  quantity,  and  more 
readily  overcome  obstacles  interposed  tn  their  passaffe. 

220.  The  current  of  a  single  pair  of  plates,  though  variable 
in  intensity  accordingas  the  nature  and  strength  of  the  exciting 
liquid  varies,  never  attains  a  iiigh  tension.  And  even  the  com- 
pound circle,  thoueh  the  pairs  of  plates  be  numerous,  oRen 
fails  to  acquire  a  nigh  intensity  in  consequence  of  the  liquid 
used  being  a  good  conductor  and  of  course  affording  opportu- 
nity for  spontaneous  discharges.  The  circle  which  gives  the 
highest  tension  is  one  that  excites  electricity  sufficient  for 
charging  the  apparatus,  while  it  opposes  an  oljstacie  to  spon- 
taneous discharges.  A  battery  of  numerous  small  ptates  excited 
by  water,  or  a  weak  saline  or  acid  solution,  best  answers  these 
conditions. 

SSI.  The  quatility  of  electricity  circulDling  in  a  (ralroniR  bnllerj  is  ei- 
BCtly  the  lume  in  ail  its  ports ;  on  (he  wtro  whicll  unitcB  the  poles,  and  in 
the  liquid  in  wliich  the  plalea  ore  immemod. 

It  IB  Ibond  to  be  cinctly  praporliannl  to  tho  mtiipiDtio  and  chemical  eflceti 
vbich  il  ia  capable  at  produring  in  a  manner  to  Ira  heronftcr  Biplaiiiod,  and 
hence  the  quanlily  of  electricity  m.iviiiB'  through  any  closed  circuit  is  readily 
determined  eitlicr  by  (he  duHcction  which  it  causea  to  a  magnetia  needle, 
or  by  ila  power  of  ciicmicul  deconi  posit  ion.  Where  ijuantily  of  electricity 
alone  ia  desired,  a  single  pair  orplateaia  jusl  aBosclbl  an  a  compoond  cifcl*. 

923.  By  nuniorouB  eiiwriments  il  lias  Ikpii  found  that  the  fiuantily  of- 
electriclty  developed  by  a  eingtc  pair  of  plates  is  einclly  proportional  (o  tho 
aur&ce  immenwd  in  the  liquid  j  and,  other  thinga  tieing  equal,  iuverHily  «■ 
is  of  the  diatance  between  the  plates,    irilie  platea  are  placed 
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si  3  given  distance  jroni  eoch  otlier,  it  nill  be  inveraelf  as  the  iquars  root  I 
of  llie  length  ol'llie  connecting  wire.  I 

It  lina  been  hIiuwh  loo  tliBt  tilt  qunutity  ilcvetoped  by  a  compound  circle  I 
is  not  iiicreaEcd  bj  increasing  tliu  number  of  plntas ;  a  single  piir  with  m 
good  conducting-  liqnid,  and  supplied  witli  a  Lirgc  conuecling  wire,  producet 
the  same  eSpcts  in  reapcct  tu  quantit;  DB  a  battery  composed  uf  Kvcril  pain  I 


S^.  Tho  qnantil;  of  a  cnmponnd  deGam 
proparticBtal  to  tbc  quantity  af  electricity  that 
exposed  to  galvanic  actian  are  always  inipF 

of  elsctricity  that  paaaea  will  of  courite  depend  upon  ita  intenaily. 
(diemical   dcGompoaitinn    actually    depcnda   upon   qu^tity    and   i 


battery  ia  always^^i 
I  as  the  co'npounda 
ictora,  UiB  quantity 


224.  The  effects  capable  of  being  produced  by  galvanic  com-  J 
binations,  may  conveniently  be  divided  into  three  classes,  viz.,  ' 
the  electrical,  chemit^l,  and  the  magnetic. 

Electrical  Effmitn. — These  are  so  called  because  they  a 
jwrfecUy  analogous  to  the  effecta  of  ordinary  electricity.  They  1 
are  best  exhibited  by  the  broken  circuit,  and  depend  more  I 
upon  intensity  than  upon  quantity.  I 

225.  A  Leyden  phial  may  be  charged  by  contact  of  its  inner  J 
coating  with  one  wire  of  the  circle,  while  the  outer  coating^ 
oomniunicatea  either  with  the  other  wire  or  with  the  ground.  ■ 
But  the  charge  ia  always  of  feeble  intensity.  I 

Si26.  On  approximating  the  wires  of  an  active  battery,  a  brII-4 
liant  spark  is  seen  to  pass  between  them ;  and  on  establishing.'fl 
Oie  communication  by  means  of  the  hands,  previously  moist' ^ 
ened,  a  distinct  shock  is  perceived.    On  aending  the  current 
through  fine  metallic  wires  or  slender  pieces  of  plumbago  or 
compact  charcoal,  these  conductors  become  intensely  heated, 
the  wires  even  of  the  most  refractory  metals  are  fused,  and  a 
vivid  white  light  appears  at  the  points  of  the  charcoal,  ec|ual  if 
not  superior  in  intensity  to  that  emitted  during  the  burning  of 

Ehospnorus  in  osygen  gas ;  and  as  this  phenomenon  takes  place 
I  an  atmosphere  void  of  oxygen,  or  even  under  the  surface  of 
vater,  it  manifestly  cannot  be  ascribed  to  combustion.    If  the 
communication  be  established  by  metallic  leaves,  the  metah  J 
burn  with  vivid  scintillations. 

2Sr.  In  burning  metallic-leaf  and  igniting  charcoal,  a  Ib_„ 
quantity  of  electricity  ia  required  of  considerably  high  intensity;! 
The  phenomenti  seem  to  arise  from  the  current  passing  alo^Jf^ 
these  substances  with  difficulty ;  a  circumstance  which,  as  thq 
are  perfect  conductors,  can  only  happen  when  the  (niaatit^  S 
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be  transmitted  is  out  of  proportion  to  the  extent  of  surface  over 
which  it  has  to  pass,  and  the  intensity  must  be  sufficient  to 
enable  the  current  to  pass  freely  over  the  interruption  in  the 
circuit  between  the  charcoal  points,  or  between  the  metallic 
leaves  and  the  opposite  pole.  To  ignite  a  wire  in  the  closed 
circle,  so  high  intensity  is  not  necessary. 

228.  The  effects  of  galvanism  above  described  are  so  similar  to  those  of 
the  electrical  machine,  that  it  is  impossible  to  witness  and  compare  both 
series  of  phenomena  without  ascribing  them  to  the  same  agent.  The  ques- 
tion of  identity  has  occupied  the  attention  of  different  experimenters,  and  tho 
most  satisfactory  evidence  obtained  that  both  sets  of  phenomena  are  to  be 
attributed  to  the  same  agent. 

These  researches  have  led  to  a  remarkable  contrast  between  the  quantity 
of  electricity  concerned  in  the  production  of  voltaic  and  ordinary  electrical 
phenomena.  Faraday  states  that  the  quantity  of  electric  fluid  employed  in 
decomposing  a  single  grain  of  water  is  equal  to  that  of  a  very  powerful  flash 
of  lightning ;  and  this  statement,  surprising  as  it  is,  is  supported  by  so 
strong  evidence,  that  it  is  difiicult  to  withhold  assent  to  the  assertion. 

229.  Chemical  Effects, — The  chemical  effect  of  galvanism 
first  noticed  was  in  the  decomposition  of  water,  which,  as  we 
shall  hereafter  see,  is  a  compound  of  oxygen  and  hydrogen,  in 
the  ratio  by  volume  of  one  part  of  the  former  to  two  of  the 
latter. 

When  two  gold  or  platinum  wires  are  connected  with  the 
opposite  ends  of  a  battery,  and  their  free  extremities  are  plunged 
into  the  same  cup  of  water,  but  without  touching  each  other, 
hydrogen  gas  is  disengaged  at  the  negative  and  oxygen  at  the 
positive  wire.  By  collecting  the  gases  in  separate  tubes  as 
they  escape,  they  are  found  to  be  quite  pure,  and  in  the  exact 
ratio  of  two  measures  of  hydrogen  to  one  of  oxygen.  When 
wires  of  a  more  oxydable  metal  are  employed,  the  result  is 
somewhat  different.  The  hydrogen  gas  appears  as  usual  at 
the  negative  wire ;  but  the  oxygen,  instead  of  escaping,  com- 
bines with  the  metal,  and  converts  it  into  an  oxide. 

If  other  compound  bodies,  such  as  acids  and  salts,  are  ex- 
posed to  the  action  of  galvanism,  they  are  also  decomposed, 
one  of  their  elements  appearing  at  one  side  of  the  battery,  and 
the  other  at  its  opposite  extremity.  An  exact  uniformity  in  the 
circumstances  attending  the  decomposition  is  also  remarked. 
Thus,  in  decomposing  water  or  other  compounds,  the  same 
kind  of  body  is  always  disengaged  at  the  same  side  of  the  bat- 
tery. The  metals,  inflammable  substances  in  general,  the  alka- 
lies, earths,  and  the  oxides  of  the  common  metals,  are  found  at 
the  negative  wire;  while  oxygen,  chlorine,  and  the  acids,  go 
over  to  the  positive  surface. 

Those  substances  which  appear  at  the  positive  side  have  been 
called  electro-negative  bodies,  while  those  that  are  separated  at 
the  negative  wire  are  called  electro-positives. 

The  same  effect  is  produced,  it  is  found,  even  though  the 
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Bolution  acted  upon  is  placed  in  separate  cups,  provided  some 
fibres  of  cotton  or  amianthus  are  moistened  and  made  to  extend 
fi-om  ti>e  liiiuid  in  one  cup  to  llie  liquid  in  theotiier;  one  of  the 
Sngredients  of  the  compound  appearing  in  one  cup  and  the 
lother  in  the  otiier. 

{  230.  A  convenient  method  of  performing  the  experiment  is  to 
iplace  a.  solution  of  some  salt,  as  sulphate  of  soda,  in  two  small 
I  glass  cups  placed  side  by  side,  with  a  few  fibres  of  c 
I  moiateiied  with  (he  same  solution,  ei^tendtng  from  one  to  the 
I  other.  Decomposition  of  the  salt  commences  at  once  when  the 
,  circuit  is  completed,  and  the  acid  is  found  to  be  collecling  in 
,  the  cup  connected  with  the  positive  pole,  and  the  alkuli  in  the 
other ;  as  will  be  made  evident  to  the  eye  by  pouring  into  the 
[  cups  a  little  of  the  blue  infusion  of  red  cabba^ge,  wliich  ia 
f  changed  to  red  by  an  acid,  and  green  by  an  alkalL 

331.  It  hu  bocn  auerted  furtbei  that  the  mae 
''  cQcct  wsuld  he  produced  even  though  b  third  cup 
filled  with  pure  water,  or  ammanU,  or  other  liquid, 
were  placed  between  the  two  cupa  oanlnining  Iho 
BolutioQ  ol'  nit,  both  Iha  acid  and  Iho  huso  piwaing 
directly  through  tho  intermediiite  cup  without  beiug 
affected  bj  its  contents.    The  currant  of  Bloclricily 
lUst  not  ddIj  effect  tlie  dccompoeition  of  the  nit  and 
Is  each  to  its  proper  pole,  but  mnat  also  suspend  entirely 
to  BDnble  an  acid  to  pass  directly  through  an 
is  Bolution,  or  sn  alkali  through  an  acid,  without  combination  lahtn{r 
K  between  them,  except  in  dues  when  on  iuBotublo  compound  ia  formed 
as  with  sulphuric  acid  and  barjto. 

333.  Bui  Forada;  haa  shown  thai  this  requires  much  modifioBtlan  to  be 
in  conformity  to  truth,  and  thut  the  elements  of  compound  bodies  can 
appear  at  the  opposite  polea  only  wLca  the  solution  of  Ihnl  body  extends 
^Is  fVnm  one  pole  to  the  other.  If,  lor  inalance,  a  solution  of  Bulpliate  of 
magnesia  be  corefiilly  covered  with  pnre  water,  so  as  to  avoid  all  Bdniiiture 
of  particles,  and  the  positive  pole  toncb  the  msgesian  polution  only,  while 
.  the  negative  pole  ia  in  contact  with  the  waler  only,  a  deposit  of  mnenesia 
I  takes  place  just  where  the  water  and  Che  magneaian  aolulion  meet,  and  none 
I  Kanbes  the  negative  pole. 

I  j233.  Faraday,  in  revising  this  part  of  the  science,  has 
I  Btroduced  a  number  of  terms  which  it  ia  necessary  here  to 
I  enilain.  It  has  already  been  remarked  that  the  poles  he 
I  cul9  electrodes ;  these  are  the  surfaces  of  water,  air,  metal, 
OT  any  other  substance,  which  serve  to  convey  an  electric  cur- 
1  I'ent  into  and  from  the  liquid  to  be  decomposed.  The  surfaces 
I  of  tMs  liquid  which  are  in  immediate  contact  with  the  electrodes, 
I  and  where  the  elements  make  their  appearance,  are  termed 
I  tmode  and  ealhode,  from  ma,  upwards,  and  ogns,  the  way  in 
'  which  the  sun  rises,  and  mwa,  da-wniijards,  the  way  in  which 
'  the  aun  sets.  The  anode  is  where  the  positive  current  is  sup- 
posed to  enter,  and  the  cathode  where  it  quits,  (he  decomposing 
liquid  ;  its  direction,  when  the  electrodes  are  placed  east  and 
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west,  corresponding  with  that  of  the  positive  current  which  te 
thought  to  circulate  on  the  surface  of  the  earth,  as  will  be 
briefly  explaiued  on  a  subsequent  page  of  this  worlt.  J 

•234.  To  electrolyse  a  compound,  ia  to  decompose  it  by  the 
direct  action  of  galvanism,  its  name  being  formed  from  rijxr^ai 
and  tMu,  to  untoote,  or  set  free ;  and  an  electrolyte  is  a  compound 
wlilcti  may  be  electrolyzed.  The  elements  of  an  electrolyte 
are  called  iotw,  from  the  verb  n?^(,  to  go.  Anions  are  the  ions 
which  appear  at  the  anode,  and  are  usually  termed  the  eleclro-%  , 
ntgatiee  ingredients  of  a  compound,  such  as  oxygen,  chlorine,* 
and  acids ;  and  the  electro-posit  he  substances,  hydrogen,  me- 
t^,  alkalies,  which  appear  at  the  cathode,  are  calitms.  What- 
ever may  be  thought  of  the  necessity  for  some  of  these  terms, 
the  words  electrode,  electrolyze,  and  electrolyte,  are  peculiarly 
appropriate. 

235.  Contrary  to  what  has  been  generally  supposed,  it  seems 
now  to  be  determined  that  all  componnd  bodies  are  not  elec 
trolytea,  that  is,  are  not  directly  decomposable  by  an  electric 
current;  and  those  that  are  capable  of  decomposition  require 
for  this  purpose  very  different  degrees  of  electric  force. 

336.  Some  BUbstancea  however  which  are  not  diiectly  decompoiable  by 
the  current,  are  decompoeed  by  a  eecondary  action.  Thus  an  Bubjecliiig 
nitric  acic!  to  voltaic  action,  tliough  uol  on  electrolyte,  the  (cater  contaioed 
in  it  IB  electrolyied,  and  its  hydrogen  arriving  at  the  negative  electrode,  da. 
compoBOB  Gome  of  llie  oilric  acid,  with  the  formation  of  nitrous  acid.  So, 
in  eolutton  of  ammonia,  the  oxygeo  of  tlie  water  decomposed  unites  at  Iha 
poiitivG  olectrodo  with  the  hydrogen  of  the  ammonin,  and  nitrogen  gas  ia 

337.  Faraday  finds  tliere  ia  no  aucli  thing  aa  a  tranafer  of  lone  ae  nia 
formerly  supposed  (331)  ;  in  order  Ihal  docompoBition  may  lake  plaoo,  it  ia 
necessary  that  the  doconiposing  liquid  ehoald  eilond  quite  from  one  elec- 
trode (0  the  other,  betwCDn  which  the  electric  current  passes.  An  elcctio- 
iytfi  therefore  ia  always  a  conductor,  and  deeompoailion  of  a  liquid  alwaya 
attends  conduction.  This  applies  equally  to  the  liquid  used  in  the  cells  of 
the  battery,  whicli  cannot  be  excited  with  a  liquid  that  is  not  an  electrolyte. 

93S.  ChemicalcompoundsdiServery  much  in  the  electrical  force  reqnired 
for  their  decomposition.  A  current  of  feeble  tension  separates  (he  elements 
of  iodide  of  potassium  in  solution,  while  a  mucli  higher  intensity  is  required 
lo  decompose  water. 

239.  But  from  what  has  been  said  (329,  934),  it  is  not  to  be  inferred  that 
every  Bubstance  will  alwaya  make  its  appearance  at  the  same  aide  of  the 
baUery,  whatever  may  be  the  other  body  from  wliich  it  has  been  eeparated 
hy  the  electrolytic  action.  Oxygen  is  the  only  substance  Uint  ia  always 
Beparated  at  the  positive  electrode  ;  that  is,  it  is  always  an  anion  or  electro- 
negative. So  potassium  is  the  only  aubetonce  uniformly  obtained  at  the 
cattiode ;  that  is.  it  is  always  a  cation  or  electro-positive. 

240.  In  the  following  tabic  from  Kane's  Chemistry,  (he  simple  substances 
are  arranged  in  the  order  of  their  negative-electric  energies,  beginning  at 
(he  lop  of  the  led-hand  enUimn  and  proceeding  down  with  Ihst  column,  up 
with  the  second,  down  tlie  thu-d,  and  up  the  fourtli.    The  most  poworfiilly 
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fotitiwe  subfitance,  as  a  matter  of  coarse,  will  be  foand  at  the  top  of  the  last 
eolmnn,  and  other  bodies  in  the  order  of  their  positive  electric  energies.  Any 
nbstance  in  the  list  therefore  is  negative  with  reference  to  all  those  that 
fcUow  it  in  reading  from  the  left  to  the  right,  and  positive  in  relation  to 
those  in  the  opposite  direction,  or  direction  in  which  the  arrows  point. 
Thus  hydrogen  is  negative  with  reference  to  all  the  substances  in  the  &arth 
edamn,  but  positive  in  relation  to  all  in  the  three  preceding  columns,  except 
CtfboD,  which  stands  at  the  bottom  of  the  third. 


Eiectro-negative. 

A 

Electro-positive, 

Oxygen, 

Mercury, 

Palladium, 

Potassium, 

Flooiine, 

Chromium, 

Silver, 

Sodium, 

Chlorine, 

Vanadium, 

Copper, 

Lithium, 

Bromine, 

Iridium, 

Lead, 

Barium, 

Iodine, 

Rhodium, 

Tin, 

Strontium, 

k  Sulphur, 

y  Uranium, 

i  Bismuth, 

u  Calcium, 

T  Selenium, 

y  Osmium, 

t  Cobalt, 

I  Magnesium, 

1  Tellurium, 

1  Platinum, 

1  Nickel, 

1  Glucinum, 

n  Nitrogen, 

f  Titanium, 

Xiron, 

T  Yttrium, 

Phosphorus, 

Gold, 

Manganese, 

Thorium, 

Arsenic, 

Molybdenum, 

Cadmium, 

Aluminum, 

Antimcmy, 

Tungsten, 

Zinc, 

Zirconium, 

Sikcon, 

Columbium, 

Hydrogen, 

Lanthuum, 

Boron, 

Carbon, 

Cerium. 

1 

241.  Magnetic  Effects. — The  magnetic  effects  of  galvanism 
are  exceedingly  interesting  and  important,  and  are  therefore 
made  the  subject  of  a  separate  section. 


SECTION  IV. 


ELECTRO  MAGNETISM. 


I:i  order  to  be  properly  prepared  for  the  discussion  of  Elec- 
tro-Magnetism, it  will  be  necessary  to  make  a  few  brief  remarks 
upon  the  general  subject  of 


MAGNETISM. 


242.  Among  ores  of  iron,  pieces  are  often  found  which  possess 
the  property  of  attracting  and  retaining  pieces  of  iron  or  steel 
with  more  or  less  force;  and  are  called  magnets  or  loadstone. 
These  pieces  are  generally  composed  of  the  protoxide  and 
peroxide  of  iron  united  in  definite  proportions,  and  often  mixed 
with  a  little  silica,  alumina,  or  other  substance.    Each  magnet 
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alwajs  has  two  points  in  which  the  attraclive  force  appears  lo 
be  conceiiiralud,  which  are  called  the  po!ei!.  They  are  always 
readily  found  by  rolling  the  magnet  in  iron  filings,  which  will 
be  collected  more  at  these  points  than  in  other  places.  Gene- 
rally they  are  nearly  opposite  to  each  other.  II"  a  magnet  ia 
broken  into  several  pieces,  each  always  retains  the  same  mag- 
netic properties  as  the  wliole  mass,  but  in  less  degree.  Some- 
times a  magnet  has  more  than  two  poies. 

343.  If  a  magnet  be  suspended  horizontally  by  a  thread,  or 
placed  upon  a  piece  of  corlt  floating  in  a  vessel  of  water,  one 
of  the  poles  will  turn  towards  the  north  and  19  hence  called  the 
north  pole,  and  the  olher  towards  the  south  and  is  called  the 
south  pole.  Berzclius  has  proposed  to  call  them  positive  and 
nfgative  poles. 

If  two  magnets  thus  suspended  are  brought  near  each  olher 
it  will  be  found  that  like  poles  repel  each  other  but  unlike  poies 
attract.  These  attractions  and  repulsions  extend  to  some  dis- 
tance, and  are  not  affected  by  the  interposition  of  other  bodies 
not  capable  of  becoming  magnetic, 

244.  When  one  of  the  poles  of  a  magnet  ia  brought  in  contact 
■with  a  small  piece  of  soft  iron,  the  iron  itself  becomes  magnetic 
and  remains  so  while  the  magnet  is  in  contact  with  it.  Thus 
when  a  piece  of  iron  is  lifted  by  a  magnet  by  one  end,  it  will 
always  he  found  the  other  end  possesses  the  same  polarity  as 
that  point  of  the  magnet  with  which  it  is  in  contact,  the  other 
end  in  contact  with  the  magnet  of  course  possessing  the  oppo- 
site polarity.  To  this  piece  a  second  and  a  third  even  may  be 
Pii.M.attached,  each  being  rendered  magnetic  while  the  eon- 
'llll  tact  is  maintained.  The  moment  the  connection  with  the 
I  fii^t  magnet  is  broken,  all  signs  of  magnetism  disappear 
from  the  pieces  of  iron. 
Pig.  33  represents  a  magnet  of  steel  sustaining  a  nail, 
I  which  itself  becomes  a  magnet  and  sustains  a  smaller 
I  — .1  .J  which  a  sewing  needle  is  in  torn  attached  in  the 
manner.  Upon  removing  tl:e  magnet,  the  magnet- 
ism in  the  nails  at  once  disappears, 

21.5.  Pieces  of  steel  will  also  be  affected  in  a  similar 
manner  but  much  less  readily,  and,  unlike  iron,  they  re- 
tain the  magnetism  that  has  been  induced.  They  there- 
fore become  permanently  magnetic ;  and  for  nearly  every 
purpose  are  superior  to  the  natural  magnet.  The  same 
magnet  may  be  used  successively  to  magnetize  any  num- 
ber of  steel"  bars  without  losing  any  of  its  virtue,  if  tlie 
bars  be  not  too  large;  from  which  it  follows  that  the 
magnet  communicates  nothing  to  them,  but  only  by  its 
iofluencp  developes  some  hidden  principle  already  therCr 
Artificial  ma^meta  are  frequently  made  in  the  form  of  tl  " 
horse-slioe,andarecaliedhorae-shoe magnets.  Totliepi " 
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a  short  piece  of  soft  iron  is  usually  accurately  fitted,  called  the 
armature  or  keeper. 

246.  A  slender  bar  of  magnetized  steel  suspended  upon  a 
pivot  so  as  to  revolve  freeTy  constitutes  the  magnetic  needle. 
Sometimes  it  is  attached  to  a  circular  card  and  suspended  upon 
a  pivot  as  in  the  mariner's  compass. 

247.  If  a  steel  bar  be  suspended  by  its  centre  of  gravity  and 
afterwards  carefully  magnetized,  it  will  be  found  not  only  to 
place  itself  in  the  magnetic  meridian,  but  to  assume  a  position 

I  inclined  to  the  horizon.  In  northern  latitudes  the  north  pole, 
will  be  depressed  and  the  south  pole  elevated,  while  in  southern 
latitudes  the  south  pole  will  be  depressed.  The  angle  of  incli- 
nation is  generally  nearly  the  same  in  the  same  pbice,  and  is 
called  the  dip  of  the  needle;  and  a  needle  nicely  balanced  and 
adjusted  for  showing  the  dip  is  called  a  dipping  need'c. 

248.  Other  metals,  as  nickel,  cobalt,  manganese,  and  chromium,  and  even 
silver  and  copper,  are  capable  of  becoming  magnetic  but  in  a  less  degree 
than  iron  or  steel.  Indeed  it  has  been  found  that  all  or  nearly  all  substances 
arc  capable  of  being  acted  upon  by  a  powerful  magnet,  so  as  to  indicate 
feeble  polarity. 

249.  Beside  the  method  pointed  out  above,  magnetism  may  be  communi- 
cated  to  bars  of  iron  and  steel  by  various  other  means,  as  by  placing  them  for 
some  time  in  a  perpendicular  position,— or  better  in  the  position  of  the  dip- 
ping needle — by  torsion  or  twisting  in  a  particular  manner,  by  the  blow  of 
a  hammer,  or  by  pressure,  and  by  the  galvanic  current,  as  will  be  shown 
hereafter. 

250.  The  earth  may  be  considered  as  a  great  natural  magnet, 
which,  by  its  action  on  the  needle  in  the  same  manner  as  any 
other  magnet,  causes  it  to  place  itself  in  the  position  of  north 
and  south.  Its  magnetism  will  of  course  be  the  result  of  the 
magnetism  of  all  its  parts  combined. 

251.  It  has  been  ascertained  that  magnetism  is  also  capable  of  producing 
certain  chemical  effects.  When  a  solution  of  nitrate  of  silver  contained  in 
a  syphon  tube,  with  a  few  grains  of  metallic  mercury,  is  placed  in  the 
direction  of  the  meridian,  the  silver,  it  is  said,  will  be  precipitated  more 
rapidly  than  when  it  is  placed  in  the  direction  of  cast  and  west,  and  the 
crystals  will  be  more  numerous  and  more  perfect  in  the  northern  thun  in 
tlie  southern  part.  When  it  is  placed  east  and  west  the  silver  is  precipi- 
tated alike  in  both  parts.  Murray  placed  some  pieces  of  iron  wire  in  a 
weak  solution  of  silver,  and  no  precipitation  took  place  till  a  magnet  was 
brought  near  it,  which  caused  the  reduction  of  the  metal  immediately. 
These  facts  will  not  appear  at  all  surprising  when  we  have  discussed  the 
intimate  relation  between  magnetism  and  electricity. 

ELECTRO-MAGNETISIM. 

252.  The  power  of  lightning  in  destroying  and  even  revers- 
ing the  poles  of  a  magnet,  and  in  communicating  magnetic 
properties  to  pieces  of  iron  which  did  not  previously  possess 
them,  was  noticed  at  an  early  period  of  the  science  of  elect ri 
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city,  and  led  to  the  supposilion  that  similar  effects  may  be  pro- 
duced by  the  common  electrical  and  voltaic  apparatus.  At- 
tempts ware  accordingly  made  to  coiiiiiiunicale  the  uiaonelio 
virtue  by  means  of  electricity  and  galvanism;  but  no  results 
of  importance  were  obtained  till  the  winter  of  1819,  when 
Oersted  of  Copenhagen  made  his  famous  discovery,  which 
forms  the  basis  of  a  new  branch  of  science. 

The  fact  observed  by  Oersted  was,  that  the  metallic  wire  of 
a  closed  palvanic  circle  causes  a  magnetic  needle  placed  near 
it  to  deviate  Iratn  its  natural  position,  and  assume  a  new  one, 
the  direction  of  which  depends  upon  the  relative  position  of  the 
needle  and  the  wire.  On  placing  the  wire  atiove  the  magnet 
and  pantiiet  to  it,  the  pole  next  the  negative  end  of  the  battery 
always  moves  westward;  and  when  the  wire  is  placed  under 
the  needle,  the  same  pole  goes  towards  the  easL  If  the  wire  ia 
aa  the  same  horizontal  plane  with  Che  needle,  no  declination 
whatever  takes  place;  but  the  magnet  shows  a  dis^sition  to 
move  in  a  vertical  direction,  the  pole  next  the  negative  side  trf" 
the  battery  being  depressed  when  the  wire  is  to  tne  west  of  it, 
and  elevaf&d  when  it  is  placed  on  the  east  side. 

253.  Ampere  has  suggested  a  useful  aid  for  recollecting  the 
direction  of  these  niovomenta.  Let  the  observer  regard  him- 
self as  the  conductor,  and  suj^ose  a  positive  electric  current  to 
pass  from  his  head  towards  his  feet,  m  a  direction  parallel  to  a 
magnet;  then  its  north  pole  in  front  of  him  \s-U!  move  to  his 
right  side,  and  its  south  pole  to  his  left.  The  plane  in  which 
the  magnet  moves  is  always  parallel  to  the  plane  in  which  the 
observer  supposes  himself  to  be  placed.  If  the  plane  of  his 
chest  is  horizontal,  the  plane  of  the  magnet's  motion  will  he 
horizontal;  but  if  he  lie  on  either  side  of  the  horizontally  sus- 
pended magnet,  his  face  being  towards  it,  the  plane  of  his  cheat 
will  be  vertical,  and  the  magnet  will  tend  to  move  in  a  vortical 
plane. 

354.  The  extent  of  the  declination  occasioned  by  a  voltaic 
circle  depends  upon  the  quantity  of  electricity  in  motion,  and 
the  distance  of  the  connecting  wire  from  the  needle.  Tlie  de- 
clination may  amount  to  45";  tmt  this  does  not  give  an  exact 
fdea  of  the  real  effect  which  may  be  produced  by  galvanism ; 
for  the  motion  of  the  magnetic  needle  ia  counteracted  by  the 
magnetism  of  the  earth.  When  the  influence  of  this  power  fs 
destroyed  by  means  of  another  magnet,  the  needle  win  place 
itself  directly  across  the  connecting  wire ;  so  that  the  real 
tendency  of  a  magnet  is  to  stand  at  right  angles  to  an  electric 
current. 

935.  The  communicating  wire  is  also  capable  of  attracting 
and  repelling  the  poles  of^  a  magnet.    This  is  easily  demon- 
strated by  permitting  a  horizontally  suspended  magnet   to    | 
assume  the  direction  of  north  and  south,  and  placing  near  ft  ■ 
the  conducting  wire  of  a  closed  circle,  held  vertically  and  »t  | 
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light  angles  to  the  needle,  the  poailive  current  being  suppoaed 
to  flow  from  below  upwards.  When  the  wire  is  exactly  inter-' 
mediate  between  the  magnetic  poles,  no  effect  is  observed ;  oa 
moving  tiie  wire  nearly  midway  towards  the  north  pole,  that 
is,  to  tbe  pole  which  points  to  the  north,  the  needle  will  be  at- 
tracted; and  repulsion  will  ensue  when  the  wire  is  moved  close 
to  the  north  pole  itself.  Similar  effects  occur  on  advancing  the 
wire  towards  the  south  pole.  Such  are  the  phenomena  If  tlie 
positive  current  ascend  on  the  west  sideof  the  needle;  but  they 
are  reversed  when  the  wire  is  placed  vertically  on  the  east  siile. 
Attractions  and  repulsiooa  likewise  take  place  in  a  dipping 
needle,  when  the  current  flows  horizontally  across  it. 

256.  Ry  a  careful  inspection  of  the  motions  of  the  needle 
above  described,  in  the  dillerent  positions  of  the  conducting 
wire,  it  will  be  seen  that  the  tendency  of  each  pole  is  to  revolve 
around  the  wire,  but  in  opposite  directions.  TJie  magnetic 
force  which  emanates  from  the  conducting  wire  is  evidently 
exerted  in  a  plane  perpendicular  to  the  wire,  and  tends  to  pro- 
duce motion  in  a  circular  direction  all  around  it:  that  is,  a 
direction  at  right  angles  to  the  radius,  or  in  the  direction  of  the 
tangent  of  a  circle  described  around  the  wire,  in  a  plane  per- 
pendicular to  it.  It  is  therefore  very  properly  called  a  tangential 

257-  The  direction  in  the  circumference  of  these  circles,  of 
the  action  exerted  on  either  pole  of  a  magnet  by  the  electrical 
current  moving  at  right  angles  to  the  plane  of  the  circles,  is 
determined  by  the  direction  of  the  current,  If  we  suppose  the 
conducting  wire  to  be  placed  in  a  vertical  position,  and  the 
current  of  positive  electricity  to  be  descending  through  it,  the 
tendency  of  a  north  pole  in  ihe  vicinity  of  the  wire  will  be  to 
move  around  it  In  a  horizontal  circle,  in  the  direction  as  indi- 
cated by  the  arrows  in  fig.  34,  or  in  the  direction  of  the  hands 
~    "■  of  a  watch  with  the  dial  upward. 

The  tendency  of  tbe  south  pole 
would  be  to  revolve  in  the  op- 
posite direction.    If  the  direction 
of  the  electrical  current  is  reversed 
\.  and  made  to  pass  upward,  bath 
I  poles  would  tend  to  revoive  in  th' 
'  opposite  direction  from  tliat  di 
scribed  above.  Whatever  may  bOj 
the  position    of  the  cnnduclinp 
wire  with  reference  to  the  needle 
the  motions  produced  will  alwayi 
be  in  accordance  with  these  principles. 

258.  The  rotation  of  a  magnetic  pole  around  the  electric 
rent  may  be  shown  by  the  apparatus  represented  by  figure  3f 
In  the  bottom  of  a  cup  of  sufBcient  depth  a  copper  wire  Cfi.  ■" 
cemented,  and  at  C  a  smail  cylindric  magnet  Sii  la  attached. 
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Fig   36. 


a  thread ;  and  the  cup  is  filled  with  mercury. 
A  conductor  ab  is  then  fixed  perpendicularly 
over  the  mercury,  with  its  lower  end  dipping 
into  it.  If  now  the  positive  current  is  made 
to  descend  through  the  cup  of  mercury,  the 
north  pole  n  will  revolve  around  the  current 
in  the  direction  pointed  out  above. 

259  It  requires  no  reflection  to  perceive 
that,  if  the  pole  of  a  magnetic  needle  tends 
to  revolve  around  a  fixed  conducting  wire, 
a  free  wire  will  have  a  tendency  to  revolve 
around  the  pole  of  a  fixed  needle.  Thus  let 
n,  figure  36,  be  the  north  pole  of  a  fixed 
needle  standing  in  a  cup  of  mercury,  and 
having  a  conducting  wire  d  cemented  in  the 
bottom.  The  part  ab  of  the  conducting  wire 
above  the  mercury  and  dipping  in  it  is 
moveable,  and  revolves  around  the  pole 
when  the  electric  current  is  passed  through 
it.  Its  direction  is  always  the  same  as  that 
of  the  pole  would  be  were  that  moveable 
and  the  wire  fixed. 

260.  The  phenomena  of  electro-dynamics 
are  solely  produced  by  electricity  in  motion. 
Accumulated  electricity  giving  rise  to  ten- 
sion, which  acts  so  essential  a  part  in  experi- 
ments with  the  electrical  machine,  has  no 
influence  whatever  on  a  magnetic  needle. 
The  passage  of  electricity  through  solid  or 
liquid  conductors  is  essential ;  and  it  is  re- 
markable that  the  more  freely  the  current  is  transmitted,  that 
is,  the  more  perfect  the  conducting  substance,  the  more  ener- 
getic is  its  deflecting  power. 

261.  Hence  the  best  form  of  the  battery  for  producing  the 
magnetic  effects,  as  before  suggested,  is  that  with  a  few  pairs 
of  large  plates,  or  such  as  will  produce  a  large  quantity  (219) 
of  electricity  without  any  reference  to  its  intensity. 

262.  But  a  magnetic  needle  will  not  only  indicate  the  exist- 
ence and  direction  of  an  electric  current :  it  may  serve,  by  the 
degree  of  deflection,  as  an  exact  measure  of  its  force.  When 
used  for  this  purpose,  under  the  name  of  Galvanometer,  some 
peculiar  arrangements  are  required  in  order  to  insure  the  re- 
quisite delicacy  and  precision.  Experiment  proves  that  a 
magnet  is  equally  affiected  by  every  point  of  a  conductor  along 
which  an  electric  current  is  passing,  so  that  a  wire  transmitting 
the  same  current  will  act  with  more  or  less  energy,  according 
as  the  number  of  its  parts  contiguous  to  the  needle  is  made  to 
vary.  On  this  principle  is  constructed  the  Galvanometer  or 
Multiplier  of  Sch  weigger.  A  copper  wire  is  bent  into  a  rectan« 
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giilar  form  consisting  of  several  coils, 
and  in  tlie  centre  ofthe  rectangle  is 
I  placed  a  delicately  suspended  needle,,' 
as  shown  in  fig.  37.  Each  coil  adds 
lis  influence  to  that  ofthe  others;  and 
IB  the  current,  in  ita  pi'ogress  along  tlie  wire,  passes  repeatedljr 
above  and  below  the  needle  in  opposite  directions,  their  joint 
action  ia  the  same.  In  order  to  prevent  the  electricity  from 
ig  laterally  from  one  coil  to  another  in  contact  with  it,  the 
wire  should  be  covered  with  silk.  The  ends  ofthe  wire,  a  and 
i,are  left  free  for  the  purpose  of  communication  with  the  oppo- 
site enda  of  the  voltaic  circle.  When  a  single  needle  is  em- 
ployed, aa  shown  in  the  figuie,  its  movements  are  influenced 
partly  by  the  earth's  magnetism,  and  partly  by  the  electric 
currrait.    The  indications  are  m<ic!i  more  delicate  when  the 


1 
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needle  is  rendered  aalatic,  that  is,  when 
its  directive  property  is  destroyed  by 
the  proximitj'  of  another  needle  of  equal 
magnetic  intensity,  fixed  parallel  to  it, 
and  in  a  reversed  position,  each  needle 
having  its  north  pole  adjacent  to  the 
south  pole  of  the  other ;  in  this  state,  the. 
needles,  neutralizing  each  other,  are  ua- 
affected  by  the  magfietism  of  the  earth, 
wiiile  they  are  still  subject  to  the  influ- 
ence of  galvanism.  If,  as  in  figure  38,. 
tlie  lower  needle  lie  within  the  rectangl^.J 
and  the  upper  needle  just  ntwive  it,  the 
electric  current  (lowing  between  them 
will  act  on  both  in  the  same  manner. 
For  researches  of  great  delicacy,  many 
precautions  are  necessary,  which  It  li;'i 
not  important  here  to  notice,  ' 

263.  The  mutual  influence  of  a  mag^ 
Ineticpolepnd  a  conducting  wire,chBngeai.j 
'"'iih  the  distance  between  them;  and' 
(perimcnt  leads  to  the  conclusion  that' 
the  attraction  of  a  maainetic  pole  on  a  tingle  point  of  a  coi 
doctor  vanes  inversely  aa  the  square  ofthe  distance;  the  aan 
law  which  rpgulates  the  distribution  of  heat  and  light. 

264.  As  might  be  expi'cted,  the  wire  which  connects  the  poles 
ofthe  battery,  while  the  current  is  passing,  becomes  itself  mag- 
netic, aa  may  readily  be  shown  by  bringing  it  in  contact  with 
iron  filings.  Indeed,  all  the  attractions  and  repulsions  of  the 
needle  by  the  electric  current,  may  be  explained  upon  the  sup. , 
position  that  this  current  acts  upon  it  in  precisely  the  samr ' 
manner  as  another  magnet.  Hence  the  wire  possessing 
larity  ought  to  he  influenced  by  the  earth's  magnetism,  am 
'b  to  revolve  pioperly,  ought  to  settle  in  a  uniform  posltioi 


1 

1 
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with  respect  to  the  magnetic  meridian,  as  it  actually  does.  But 
in  order  that  the  effect  may  be  perceptible,  it  is  necessary  that 
a  coil  or  helix  of  the  wire  should  be  formed,  so  that  as  many 
points  as  possible  should  be  affected  by  the  earth's  magnetism 
in  a  similar  manner,  or  be  urged  in  the  same  direction. 

This  may  be  shown  by  an  elegant  apparatus  of  De  la  Rive, 
which  consists  of  a  circular  copper  wire,  the  extremities  of 
which  are  passed  through  a  cork,  and  soldered  to  a  plate  of 
zinc  and  copper.  On  placing  the  arrangement  in  a  vessel  of 
Fig.  39.  acidulated  water,  a  positive  electric 

current  passes  from  the  copper 
plate  around  the  circle  to  the  zinc, 
as  shown  in  fig.  39 ;  and  as  the  cork 
renders  the  apparatus  buoyant,  a 
very  slight  force  will  throw  it  into 
motion.  It  will  therefore  readily 
arrange  itself  at  right  angles  to  the 
magnetic  meridian,  and  on  presenting  near  it  either  pole  of  a 
magnet,  it  will  exhibit  various  phenomena  of  attraction  and 
repulsion,  all  explicable  on  the  principles  already  explained. 
We  may,  therefore,  properly  regard  it  as  a  flat  magnet  having 
its  two  poles  in  the  centre  of  it,  the  one  on  one  side,  and  the 
other  on  the  other;  the  south  pole  being  in  that  surface  on 
which,  when  held  before  you,  the  positive  current  flows  in  the 
direction  of  the  hands  of  a  watch.  The  apparatus  will  be  more 
powerful  if  the  conducting  wire,  covered  with  silk,  to  prevent 
lateral  communication,  be  formed  into  several  circles  of  the 
same  diameter,  on  the  principle  of  the  multiplier. 

265.  The  same  effect  is  produced  if  the  wire  is  wound  in  the 

manner  represented  in  figure  40,  being 
supported  by  the  two  ends  resting  in 
cups  of  mercury,  and  the  electric  cur- 
rent thus  made  to  pass  through  it. 

But  it  is  not  necessary  that  the  dif- 
ferent coils  of  the  wire  should  lie  in  the 


Fig.  40. 


^ 


Fig.  41. 


■ 
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same  plane,  the  result  being  the  same  if  it  is  wound  in  the  form 
of  a  helix,  as  represented  in  fig.  41,  the  poles  in  this  case  being 
developed  at  the  extremities  of  the  helix. 
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266.  A  current  of  voltaic  electricity  not  only  determines  the 
position  of  a  magnet,  but  also  induces  magnetism  in*  pieces  of 
ton  or  steel  which  are  brought  within  its  influence.  The  pieces 
of  iron,  upon  being  removed  from  the  influence  of  the  current, 
at  once  lose  their  magnetism,  but  those  of  steel  become  per- 
manently magnetic ;  just  as  in  the  case  of  pieces  of  iron  and 
steel  in  which  magnetism  has  been  induced  by  an  ordinary 
magnet,  as  above  described  (245).  This  was  observed  nearly 
at  the  same  time  by  Arago  and  Davy,  who  found  that  when 
needles  are  placed  at  right  angles  to  the  conducting  wire,  per- 

Fig.  42.  manent  magnetism  is  com- 

municated;  and  Davy  also 
P  I^"    succeeded    in    producing 

this  efiect  even  with  a 
shock  of  electricity  from  a 
Leyden  phial.  If  the  con- 
ducting wire  is  made  in 
the  form  of  a  helix,  as  in 
figure  42,  into  the  axis  of 
which  the  piece  of  iron  or 
rted  to  be  magnetized  may  be  placed,  the  current  in  every 
part  of  its  course  is  nearly  at  right  angles  to  it;  and,  as  each 
coil  adds  its  effect  to  that  of  the  others,  the  united  action  is  ex- 
ceedingly powerful.  In  this  manner  a  small  needle  of  steel 
may  be  fully  magnetized  in  an  instant. 

Fifir.43.  267.  Though  soft  iron 

does  not  retain  magnet- 
ism, its  magnetic  proper- 
ties while  under  the  in- 
fluence of  an  electric  cur- 
rent are  very  surprising. 
A  piece  of  soft  iron  about 
a  foot  long  and  an  inch 
in  diameter  is  bent  into 
the  form  of  a  horse-shoe, 
a  copper  wire  is  twisted 
around  the  bar  at  right 
angles  to  its  axis,  and  an 
armature  of  soft  iron,  to 
which  a  weight  may  be 
attached,  is  fitted  to  its 
extremities,  as  in  fig.  43. 
On  connecting  the  ends 
of  the  wire  with  a  simple 
voltaic  circle,  even  of 
small  size,  the  soft  iron  instantly  becomes  a  powerful  magnet, 
and  will  support  a  weight  of  many  pounds.  Increasing  the 
number  of  coils  gives  a  great  increase  of  power ;  but  as  the 
length  of  wire  required  for  that  purpose  diminishes  the  mflu- 
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ence  of  the  current  (222),  the  following  arrangement,  first  sug- 
gested by  Professor  Henry,  of  Princeton  College,  New  Jersey, 
has  been  adopted  with  distinguished  success. — SU.  Journal^ 
xix.  400,  and  xx.  201. 

268.  The  total  length  of  copper  wire  intended  to  be  used  is 
cut  into  several  portions,  each  of  which,  covered  with  silk  or 
cotton  thread  to  prevent  lateral  communication,  is  coiled  sepa- 
rately on  the  iron.  The  ends  of  all  the  wires  are  then  collected 
into  two  separate  parcels,  and  are  made  to  communicate  with 
the  same  battery,  taking  care  that  the  positive  current  shall 
pass  along  each  wire  in  the  same  direction.  The  current  is 
thus  divided  into  a  number  of  branches,  and  has  only  a  short 
passage  from  one  end  of  the  battery  to  the  other,  though  it 
gives  energy  to  a  multitude  of  coils. 

269.  To  complete  the  analogy  between  the  electric  current 
and  the  magnet,  it  is  found  that  two  parallel  wires,  on  which 
the  current  flows  in  the  same  direction,  attract  each  other,  but 
repel  when  they  flow  in  opposite  directions. 

Considerable  interest  has  been  excited  within  a  few  years, 
by  several  attempts  to  make  use  of  electro-magnetism  as  a 
motive  power  to  propel  machinery.  Prof  J.  Henry,  it  is  be- 
lieved, first  constructed  an  instrument  of  this  kind,  capable  of 
producing  rotary  motion ;  but  dectro-magnetic  engines  of  vari- 
ous forms  have  since  been  contrived  by  different  Individuals. 

270.  The  construction  of  a  machine  of  this  kind  is  exceedingrly  simple, 
two  magnets  only  being  necessary,  one  of  which  must  be  stationary,  and 
80  placed  that  its  poles  shall  be  diametrically  opposite  to  each  other,  and  lie 
just  outside  of  the  circumference  of  the  circle  traced  by  the  poles  of  the 
revolving  magnet,  which  is  supposed  to  be  supported  by  a  movable  axis  in 
its  centre.  Now  as  the  polarity  of  the  magnet  depends  upon  the  direction 
in  which  the  current  is  sent  around  the  conducting  wire  which  encircles 
it  (264),  and  can  therefore  easily  be  reversed,  it  is  only  necessary  to  adjust 
the  apparatus  in  such  a  manner  that  this  effect  shall  be  produced  in  one  of 
the  magnets,  just  as  the  poles  of  the  revolving  magnet  approach  nearest 
those  of  the  stationary  one.  Being  attracted  by  the  influence  of  unlike 
iwles  (243),  it  will  of  course  now  be  urged  on  by  the  repulsion  of  like 
poles ;  and  the  same  circumstances  will  constantly  be  repeated  twice  each 
revolution,  the  poles  being  each  revolution  twice  reversed. 

271.  It  is  not  necessary  that  both  should  be  electro-magnets :  one  of  them 
may  be  a  common  magnetized  steel  bar,  having  its  polarity,  as  a  matter  of 
course,  permanent.  Figure  44  represents  a  very  simple  electro-magnetic 
machine,  which  by  its  motion  rings  a  bell  with  considerable  force.  NS  are 
the  north  and  south  poles  of  a  common  horse-shoe  magnet  (245),  which 
stands  in  a  vertical  position,  with  its  poles  downward.  A  is  a  piece  of  soft 
iron  wound  with  copper  wire  and  fixed  upon  a  vertical  axis,  so  as  to  revolve 
very  accurately  between  the  poles  of  the  magnet ;  and  CC  arc  sockets  for 
connecting  the  wires  from  the  galvanic  battery.  The  extremities  of  the 
wire  around  the  magnet  A  connect  with  CC,  by  means  of  parts  not  repre- 
sented in  the  figure,  in  such  a  manner  that  the  current  flows  in  the  proper 
direction  to  develope  north  polarity  in  the  further  extremity  A  as  it  ap- 
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praochcs  [ho  south  polo  of  tlio  msgnot  S,  kd^I 
Boulh  polarity  io  llio  oilier  BJtrcmily   us  JtM 
spproaoliCi  the  norlli  pole  N  ;  bul  llie  momBnt  1 
liic  rcTolring  inngnctliusairiiRil  hI  i  poBitioa 
between  NS,  tlie  two  polei  of  tha  ulalionBry 
magnet,  whero  it  would  orcoiine  be  held  If  tha 
same  piJirity  remnineil,  the  direction  of  the 
cnrrcnt  it  reversed,  nnd  as  a  oecesaarv  eon. 
■equonce  the  polorily  of  th 


If  it 


n  lias 


urged   on  by  n 


'olulion,  when 
it  will  he  HttractGd  aa  berore.  At  S  on  the 
vertical  aiia  is  ■  perpetual  ijcrew  which  acta 
npoa  l)ie  teeth  of  a  ratchet  wheel,  and  caiues 
the  hammer  to  tlrike  llic  bell  B. 

More  than  two  luggnets  are  general Ijr  u»d, 
usually  at  laaat  tn>o  elationary  and  two  revolv- 
ing ones,  bul  then  each  of  the  revotving-  or 
Btalionary  magnets  must  have  its  polari^ 
reveraed  four  llmca  every  revolution,  ll  m  , 
usual  to  change  Ihu  polarity  of  the  revolving  J 
msgneta  only,  white  that  ot  tlw  otlieni  leuiain*  I 
permanent 

Whether  llii^  ingenious  macliino  will  evn   \ 
be  made  of  anj  practical  utility,  remains  jet 
to  be  determined ;  bul  it  ia  said  timt  a  b--' 
capable  of  convening  eighteen  men  hna  bf 
propelled  by  an  eleclro-magnetic  engine 
'     '   "    ilea  an  Iwinr. 


the  Baltic,  at  the 

72.  Any  one  who  has  studied  the  Tew  preceding  pages,  (»n.  J 
not  fail  to  trace  a  close  analogy  between  a  helix  traversed  by  M 
an  electric  current  and  a  magnet.  The  former  is  affected  by  I 
other  galvanic  conductors,  by  the  poles  of  a  magnet,  and  by  I 
the  magnetism  of  the  earth,  in  the  same  manner  as  tlie  latter. 
It  was  this  similarity,  or  rather  identity  of  action,  which  led 
Ampere  to  his  theory  of  magnetism.  He  supposes  that  the 
polarity  of  every  magnet  is  solely  owing  to  the  circulation, 
within  its  substance  and  at  its  surface,  of  electric  currents, 
which  continually  jkiss  around  all  its  particles  in  planes  per- 
pendicular to  its  axis.  On  placing  a  magnet  in  its  natural  posi- 
tion of  north  and  south,  the  direction  of  its  currents  will  be 
descending  on  the  east  side,  passing  imder  the  magnet  from  . 
east  to  west,  and  ascending  on  the  west  side. 

If  we  suppose  the  magnet  placed  before  us  standintr  perpen- 
dicularly upon  its  north  pole,  and  of  course  having  "its  soutti  \ 
pole  upward,  the  positive  electric  current  is  supposed  to  mou 
in  the  direction  of  the  hands  of  a  watch,  forming  a  strikin 
agreement  with  what  has  been  said  of  the  polarity  of  the  s| 
or  helix  (2(54). 


il 

t 
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pnt  is  induced  in  tlw  outer  one ;  bol  the  iDlentitj  of  Ihu 

h  grcitvc  il'  I  bunch  of  Nnill  wire*  of  •oft  irun  W  a  placed 

-.»....    w...   ...tier  GoiL     In  the  Gnt  instance  a  current  U  induced  bf  a 

currciil,  but   in  llib  case  tlie  nirei  are  magnetized,  uid  bj  theii  inSoence 
induce  the  current  in  (he  oulcc  coiL 

S76.  Ma^nelo-eleclric  machinea  are  OMUtnicled  b;  Ibe  use  oTpermBDent 
magnets,  either  by  causing  Ihe  magneli  to  revolve,  or  ttie  armalure,  gena- 
rally  the  latter.     Fig.  iT  reprcaenls  a  machine  of  this  kind,  coQatrocteil 


byMr.D.  Davis,  Jr.  of  Boston.  NS  are  the  north  and  BonUi  poles  of  ■eveiil 
powerful  niBgTii:(3  placed  horizontall;  upon  ■upporls  and  held  Grmly  in 
their  places.  A  is  an  armature  of  mil  iron,  bent  twice  at  right  angles,  and 
supported  upon  an  axia  fixed  between  the  poles  of  the  magnets,  so  that  it 
revolvea  before  (hem  by  means  of  the  multiplying  wheel  Vf.  The  arma- 
ture is  wound  with  line  copper  wire,  one  end  of  which  is  soldered  to  the 
armalure  i\fe\{,  by  which  it  communjcales  with  the  aiia  and  breakpiece 
seen  at  O ;  tlie  other  end  ie  attached  to  a  ferule  of  silver,  which  is  liied 
upon  the  axil  but  is  insulated  from  it.  It  ia  not  rcpicsenled  in  the  figure, 
but  ia  in  contact  with  the  wire  D,  which  communicates,  by  means  of  t  wire 
concealed  from  view,  with  one  of  the  handles  H,  Ihe  other  handle  in  the 

piece.  The  handles  tliercfare  ms;  be  coaaidered  aa  (he  eitremitiea  of  tba 
wire  which  is  wound  upon  the  armature. 

Now  when  the  armalure  is  set  in  motion  by  the  muUipIying-wheel,  its 
magnetic  state  is  continually  changing.  When  the  two  eilremities  of  the 
armature  are  midway  between  tiie  poles  of  Ihe  magnet,  the  armolnra  is 
neutral.     As  they  advance  towards  the  poles,  they  acquire  a  et""^"'''!  '"- 

'  For  ihLi  figure  as  well  as  for  figures  44  and  45, 1  am  indebled  to  the 
kindnessof  Mr,  D,  Davis,  Jr.,  the  well-known  manufacturer  of  philosophical 
instruments,  of  Bosion,  for  whose  forcheoming  work  on  mogneliem  and  elee- 
tticily  ihey  were  prepared.  As  I  have  not  seen  his  descripiiona,  I  may  not 
have  made  precisely  the  same  use  of  them  for  which  they  were  intended.  In 
two  oflhem,  a  little  aUeraiion  hu  been  made. 
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ereasiDgr  polarity,  which  is  at  its  maximum  when  they  are  opposite  the 
poles ;  as  they  pass  this  point  the  polarity  gradually  diminishes  till  the  ex- 
tremities of  the  armature  are  again  midway  between  the  poles,  when  it 
becomes  neutral  as  before. 

As  the  polarity  of  the  armature  is  constantly  increasing  or'diminishing  when 
in  motion,  it  is  evident  a  current  of  electricity  (275)  will  constantly  be  de- 
veloped in  the  wire  which  envelopes  the  armature,  and  this  electricity  will 
pass  between  the  breakpiece  and  ferule  by  means  of  the  wires  connecting 
them,  except  when  it  is  interrupted  by  the  wire  C  slipping  from  tooth  to 
tooth  on  the  break-piece.  A  person,  therefore,  grasping  the  handles  H,  at 
each  of  these  interruptions,  will  perceive  a  shock  of  electricity  which,  though 
of  itself  but  slight,  will  be  so  rapidly  repeated  by  even  moderately  taming 
the  machine  as  to  become  intolerable. 

Intimately  associated  with  magneto-electric  induction,  if  not  referable  to 
the  same  origin,  is  the  induction  of  electric  currents  by  movement  On 
introducing  a  magnet  suddenly  into  a  helix  of  copper  wire,  or  withdrawing 
it,  a  current  of  electricity  is  momentarily  induced ;  and  the  same  effect  is 
produced  if  the  magnet  is  stationary  and  the  helix  is  suddenly  moved  in  its 
vicinity.  The  direction  of  the  movement  is  not  material,  nor  is  a  copper 
wire  indispensable ;  but  any  good  electrical  conductor  will  answer  the  pur- 
pose. Indeed,  the  general  principle  has  been  determined,  that,  if  a  sub- 
stance conducting  galvanic  electricity,  produce  on  magnets  (252),  or  other 
conductors  (259),  certain  movements,  then  the  battery  being  removed,  and 
the  ends  of  the  conductor  brought  together,  and  the  same  motions  produced 
by  mechanical  means,  the  conductor  will  have  the  same  electric  state  induced 
as  it  had  when  connected  with  the  battery. 


SECTION  V. 
THEORIES  OF  GALVANISM.— ELECTRO-CHEMICAL  THEORY. 

277.  Theories  of  Galvanism. — Of  the  theories  proposed  to 
account  for  the  development  of  electricity  in  voltaic  combina- 
tions, three  in  particular  have  attracted  the  notice  of  philoso- 
phers. The  first  originated  with  Volta,  who  conceived  tha< 
electricity  is  set  in  motion,  and  the  supply  kept  up,  solely  by 
contact  or  communication  between  the  metals  (193).  He  re 
garded  the  interposed  solutions  merely  as  conductors,  by  means^ 
of  which  the  electricity  develo])ed  by  each  pair  of  plates  is  con- 
veyed from  one  part  of  the  apparatus  to  the  other.  Thus  hav- 
ing constructed  the  pile  by  pairs  of  iron  and  copper  plates,  as 
represented  by  the  following  series, 

3  2  1 

■  >V  A  J^ 


-fzinc  copper  fluid  zinc  copper  fluid  zinc  copper — 

he  considered  that  contact  between  the  metals  occasions  the 
zinc  in  each  pair  to  be  positive,  and  thfe  corresponding  coxv^^t 
10 
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plate  to  be  negative ;  that  the  positive  zinc  in  each  pair  except 
the  last,  being  separated  by  an  intervening  stratum  of  liquid 
from  the  negative  copper  of  the  following  pair,  yields  to  it  its 
excess  of  electricity ;  and  in  this  way  each  zinc  plate  commu- 
nicates, not  only  the  electricity  developed  by  its  own  contact 
with  copper,  but  also  that  which  it  had  received  from  the  pair 
of  plates  immediately  before  it.  Thus,  in  the  three  pairs 
of  plates  contained  in  brackets,  the  second  pair  receives  elec- 
tricity from  the  first  only,  while  the  third  pair  draws  a  supply 
from  the  first  and  second.  Hence  electricity  is  most  freely 
accumulated  at  one  end  of  the  battery,  and  is  proportionally 
deficient  at  the  opposite  extremity.  But  it  is  now  well  known 
that,  in  the  pile  as  thus  constructed,  the  two  extreme  plates  are 
entirely  superfluous,  as  they  serve  only  as  conductors  to  the 
current,  and  contribute  nothing  to  the  result  (215). 

278.  The  second  is  the  chemical  theory,  proposed  by  Wollas- 
ton.  Volta  attached  little  importance  to  the  chemical  changes 
which  never  fail  to  occur  in  every  galvanic  circle,  whether 
simple  or  compound,  considering  them  as  casual  or  unessential 
phenomena,  and  therefore  neglected  them  in  the  construction 
of  his  theory.  The  constancy  of  their  occurrence,  however, 
soon  attracted  notice. 

Wollaston,  fully  admitting  electricity  as  the  voltaic  agent, 
assigned  chemical  action  as  the  cause  by  which  it  is  excited. 
The  repetition  and  extension  of  Volta's  experiments  by  others 
speedily  detected  the  error  he  had  committed  in  overlooking 
tlie  chemical  phenomena  which  occur  within  the  pile.  It  was 
observed  that  no  sensible  effects  are  produced  by  a  combina- 
tion of  conductors  which  do  not  act  chemically  on  each  other; 
that  the  action  of  the  pile  is  always  accompanied  by  the  oxyda- 
tion  of  the  zinc ;  and  that  the  energy  of  the  pile  in  general  is 
proportional  to  the  activity  with  which  its  plates  are  corroded. 
Observations  of  this  nature  induced  Wollaston  to  conclude 
that  the  process  begins  with  the  oxydation  of  the  zinc,— that 
oxydation,  or  in  other  terms,  chemical  action,  is  the  primary 
cause  of  the  development  of  electricity, — that  the  fluid  of  the 
circle  serves  both  to  oxydize  the  zinc  and  to  conduct  the  elec- 
tricity which  is  excited, — and  that  contact  between  the  plates 
serves  only  to  conduct  electricity,  and  thereby  complete  the 
circuit. 

279.  The  third  theory  of  the  pile  was  proposed  by  Davy,  and 
is  intermediate  between  the  two  former.  He  adduced  many 
experiments  in  support  of  the  fact  originally  stated  by  Volta, 
that  the  electric  equilibrium  is  disturbed  by  the  contact  of  dif- 
ferent substances,  without  any  chemical  action  taking  place 
between  them.  He  acknowledged,  however,  with  Wollaston, 
that  the  chemical  changes  contribute  to  the  general  result;  and 

Jie  maintained  that,  though  not  the  primary  movers  of  the  elec- 
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trie  current,  they  are  essential  to  the  continued  and  energetic 
action  of  every  voltaic  circle.   The  electric  excitement  is  begun,  ~ 
he  thought,  by  metallic  contact,  and  maintained  by  chemical 
action. 

230.  The  progress  of  inquiry  since  these  theories  first  came 
into  notice,  has  gradually  given  more  and  more  support  to  the 
views  of  Wollaston,  and  has  at  last,  it  is  believed,  established 
them,  to  the  entire  exclusion  of  any  other  theory.  The  very 
fundamental  position  that  electricity  is  excitable  as  a  primary 
result  by  the  mere  contact  of  different  substances,  is  warmly 
contested,  and,  as  many  think,  has  been  disproved  (185);  but 
admitting,  for  the  sake  of  argument,  that  a  small  effect,  which 
is  all  that  can  now  be  contended  for,  may  be  produced  by  mere 
contact,  it  is  altogether  insignificant  when  contrasted  with  the 
astonishing  phenomena  exhibited  by  a  galvanic  circle.  Experi- 
ments establishing  this  point  are  abundant  and  conclusive.  In 
feet,  Faraday  has  recently  shown  that  in  some  cases,  at  least, 
excitation  takes  place  decisively  hrfore  contact. 

Fig.  48.  Thus,  if  a  plate  of  zinc  cox,  figure  48,  bent  at  right  angles, 

be  placed  opposite  one  of  platinum  6,  soldered  to  a  platinum 
wire  hsxy  the  point  of  which  x  rests  on  a  piece  of  bibulous 
paper  moistened  with  a  solution  of  iodide  of  potassium,  care 
being  taken  to  avoid  contact  of  the  metals,  a  current  of  elec- 
tricity notwithstanding,  at  once  flows  in  the  direction  of  the 
arrows,  when  the  plates  are  introduced  in  a  dilute  acid,  as 
will  be  shown  by  the  decomposition  of  the  iodide  of  potassi- 
um, and  by  the  galvanometer.  So  also  the  spark  passes  be- 
tween the  wires  attached  to  the  two  plates  of  the  single  circle 
before  they  are  brought  in  contact 

281.  The  theory  of  Wollaston  receives  strong  confirmation 
from  the  discovery  of  Faraday  of  the  definite  nature  of  elec- 
tro-chemical action.  He  has  shown  that  in  a  galvanic  circle 
in  which  no  excess  of  zinc  is  ozydized,  the  quantity  of  this  metal  dissolved 
in  a  given  time  from  each  plate  is  in  a  constant  ratio  both  to  the  hydrogen 
liberated  at  the  corresponding  copper  plate,  and  also  at  the  negative  elec- 
trode. For  every  grain  of  hydrogen  evolved,  32.3  grs.  of  zinc  are  dissolved ; 
and,  on  the  other  hand,  the  quantity  of  electricity  evolved  by  the  oxydation 
of  32.3  grains  of  zinc  is  just  sufficient  to  decompose  9  g^rains  of  water, 
which,  as  we  shall  hereafter  see,  contain  precisely  1  gram  of  hydrogen. 
Indeed,  he  has  proved  that  electro-chemical  decomposition  is  perfectly  defi- 
nite; the  same  absolute  quantity  of  electricity  always  evolving  the  ingredi- 
ents of  compound  bodies  in  invariable  proportions.  Thus,  the  quantities  of 
hydrogen,  oxygen,  tin,  and  lead,  separated  from  their  compounds  by  the 
same  quantity  of  electricity,  he  found  to  be  in  the  ratio  of  the  numbers  I,  8, 
57.9,  and  103.6,  which  he  therefore  preposes  to  call  the  electro-chemical 
equivalents  of  these  substances.  They  are  identical,  as  we  shall  hercafler 
see,  with  the  atomic  weights  of  these  substances. 

282.  Electro-CJiemical  Tlieory. — This  theory,  which  was  first  started  by 
Davy  in  1807,  supposes  that  electrical  and  chemical  attractions  are  owing 
to  one  and  the  same  agent.    Substances  in  their  uncombined  state,  it  is 
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supposed,  are  electrically  indifferent,  containing  a  portion  of  both  the  posi- 
tive and  negative  electricities ;  but,  in  combining,  they  assume  opposite 
electrical  conditions,  by  reason  of  a  natural  appetancy  to  this  course,  and 
then  adhere  by  virtue  of  their  opposite  states.  Thus  a  particle  of  zinc  and 
a  particle  of  oxygen,  each  containing  its  natural  share  of  both  the  positive 
and  negative  electricities,  on  combining  assume  opposite  states ;  the  parti- 
clc  of  zinc  becoming  positive  by  giving  off  its  negative,  and  the  particle  of 
oxygen  becoming  negative,  by  relinquishing  its  positive  electricity.  Gene- 
rally, the  opposite  electricities  so  given  off  instantly  neutralize  each  other, 
but,  under  certain  circumstances,  this  effect  may  be  prevented. 

283.  Electro-negative  substances — called  also  anions  (234) — become  such 
by  giving  off  their  positive  electricity  in  combining,  and  electro-positive 
substances,  or  cations,  in  like  manner,  in  combining,  relinquish  their  nega- 
tive electricity.  The  particular  electrical  state  of  most  bodies,  however,  is 
only  relative  (239),  depending  in  the  case  of  any  given  substance  upon  the 
nature  of  the  other  body  with  which  it  is  compared.  Thus  sulphur  is 
always  positive  in  relation  to  oxygen,  but  in  relation  to  potassium  it  is 
negative. 

284.  Chemical  decomposition  must  on  this  theory  excite  electricity,  as 
we  know  indeed  is  really  the  case.  A  particle  of  zinc,  for  instance,  on 
quitting  oxygen  is  positive,  and  of  course  it  must  recover  the  necessaiT 
negative  electricity  before  assuming  its  natural  state ;  and,  in  doing  so,  it 
leaves  other  contiguous  substances  positive ;  and  the  oxygen  in  a  similar 
manner  being  itself  negative,  renders  other  bodies  negative  by  depriving 
them  of  their  positive  electricity. 

This  theory  beautifully  explains  numerous  other  facts  connected  with 
the  science  of  electricity,  but  the  details  are  too  extended  for  an  elementary 
work  like  the  present 


PART    II. 

INORGANIC    CHEMISTRY. 


CHAPTER    I. 
CHEMICAL   COMBINATIONS. 


285.  Before  proceeding;  to  the  dlscusalon  of  tlievar 
roenlary  aubstances  and  their  compounds,  to  which  the  second 
part  of  our  work  is  to  be  devoted,  it  is  necessary  to  attend  to 
an  eiiplanation  of  the  leading  doctrines  of  the  Bcience.  This 
-"■  be  done  under  the  ^neraj  head  of  Chemical  Combi5*tiokh. 
"%  In  addition  to  the  chemical  history  of  each  substance, 
;«f  its  chief  physical  characters  will  also  be  given,  A 
tiedee  of  these  properties  Is  absolutely  essential  to  the 
ist  ibr  various  important  purposes. 

The  character  called  specific  gravity,  in  particular,  Is  of 
3h  importance,  that  the  mode  of  determining  it  will  be 
[In  this  place. 

■the  specific  gravity  of  a  body  is  meant  Its  weight  as 
!tred  with  some  other  body  assumed  as  a  standard.  For 
and  liquids,  water  is  uniformly  taken  for  this  standard; 
and  its  specific  gravity  being  considered  as  unity,  the  specific 
gravity  of  any  other  body  is  found  by  dividing  its  weight  by 
the  weight  of  an  equal  volume  of  water,  if,  for  example,  a 
portion  of  water  weigh  9  grains,  and  the  same  bulk  or  volume 
of  another  body  19  grains,  dividing  19  by  9  gives  as  the  quo- 
tient 2.111,  which  is  the  specific  gravity  of  the  body.  The  only 
difficulty  there  is  In  the  practical  application  of  the  principle  is, 
to  obtain  the  weights  ofprecisely  equal  volumes-of  water  and 
the  substance  to  tie  examined.  In  liquids  this  object  is  accnm- 
pHsbed  by  filling  a  small  vial  of  known  weight  with  pure  water, 
and  weighing  it,  and  then  doing  the  same  with  the  liquid  In 
question.  The  weight  of  the  latter  divided  by  that  of  the  for- 
mer will,  of  course,  be  the  specific  gravity.  Bottles  are  pre- 
pared for  this  purpose  by  the  philosophical  instrument-makers, 
capable  of  holding  precisely  1000  grains  of  pure  water;  and  of 
-- — f  the  numt)er  of  grains  of  any  other  liquid  one  o?  toem 
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will  contain,  pointing  off  three  figures  to  the  right  for  decimals, 
will  be  its  specific  gravity.  ' 

I  288.  An  instrument  called  a  hydrometer  has  been  invented 
'  for  determining  the  specific  gravity  of  liquids,  in  a  very  simple 
manner.  It  consists  merely  of  a  glass  tube  with  a  bulb  blown 
in  it  for  an  air-vessel,  and  another  at  one  extremity  to  contain 
a  little  mercury  to  load  it  and  make  it  stand  upright  in  the 
liquid.  The  weight  of  the  instrument  is  therefore  constant, 
and  the  specific  gravity  of  a  liquid  in  which  it  is  immersed 
is  shown  by  the  depth  to  which  it  sinks,  the  weight  of  the 
quantity  of  fluid  displaced,  of  course,  always  just  equalling 
the  weight  of  the  instrument.  The  lighter  the  liquid  is,  there- 
fore, the  deeper  will  the  hydrometer  sink,  and  the  reverse. 
In  some  liquids,  as  alcohol  and  the  ethers,  the  strength  is 
greater  as  they  become  lighter ;  but  in  others,  as  vegetable  in- 
fusions or  solutions  of  the  fixed  alkalies,  and  salts,  the  strength 
increases  with  the  specific  gravity. 

289.  The  niethod  of  obtaining  the  necessary  data  in  case  of 
a  solid  is  soniewhat  different.  The  body  is  first  weighed  in  air, 
is  next  suspended  in  water  by  means  of  a  hair  attached  to  the 
scale  of  the  balance,  and  is  then  weighed  again.  The  difference 
between  the  two  weights  gives  the  weight  of  a  quantity  of" 
water  equal  to  the  bulk  of  the  solid.  This  rule  is  founded  on 
the  hydrostatic  law,  that  a  solid  body,  immersed  in  any  liquid, 
not  only  weighs  less  than  it  does  in  air,  but  the  difference 
corresponds  exactly  to  the  weight  of  liquid  which  it  displaces ; 
and  it  is  obvious  that  the  liquid  so  displaced  is  exactly  of  the 
same  dimensions  as  the  solid.  / 

290.  Nicholson's  Areometer,  or  gravimeter,  as  it  has  been 
called  by  some,  furnishes  an  expeditious  means  for  determining 
the  specific  gravity  of  solids  with  considerable  accuracy.  It  is 
particularly  useful  for  determining  the  specific  gravity  of  small 
substances,  as  specimens  of  minerals,  in  a  simple  manner.  It 
is  composed  simply  of  a  cylindrical  air-vessel,  terminating  in  a 
cone  at  each  extremity,  and  loaded  with  £u weight  at  one  end 
to  make  it  stand  upright  when  immersed  in  water,  and  which 
at  the  same  time  serves  as  a  table  or  scale,  on  which  any  small 
substance  may  be  placed  and  weighed  under  water,  while  from 
the  other  extremity  a  wire  projects  to  the  height  of  an  inch  or 
more  to  receive  another  scale.  To  make  use  of  this  instru- 
ment, having  placed  it  in  water,  as  represented  in  figure  49,  first 
place  weights  upon  the  upper  scale  and  ascertain  the  weight 
that  is  required  to  sink  it  to  the  mark  upon  the  stem,  then  re- 
moving the  weights,  place  upon  the  same  scale  the  substance 
to  be  weighed — a  piece  of  coin,  for  instance, — and  add  as  much 
weight  as  will  sink  it  to  the  mark  on  the  stem  as  before ;  the 
difference  will  of  course  be  the  wieight  of  the  coin.  The  coin 
Js  then  to  be  transferred  to  the  lower  scale,  and  as  much  weight 

added  as  will  again  bring  the  mark  on  the  &tem  to  the  surface 
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Fig.  49.  of  the  water.  This  weight  is  obviously  the  loss  of 
weight  of  the  coin  in  consequence  of  being  immersed 
in  water,  or  the  weight  of  a  bulk  of  water  equal  to 
the  bulk  of  the  coin.  This  divided  into  the  weight 
of  the  coin  will  give  its  specific  gravity. 

There  will  be  no  difficulty  in  finding  the  specific 
gravity  of  bodies  lighter  than  water,  as  a  piece  of 
cork,  if  it  is  remembered  that  the  weight  of  a  bulk 
of  water  equal  to  it,  will  be  equal  to  the  weight  of  the 
cork  added  to  the  weight  required  to  cause  it  to  sink 
in  water. 

The  water  used  is  always  supposed  to  be  perfectly 
pure,  and  at  the  temperature  of  60^.  In  France,  wa- 
ter at  its  greatest  density  is  taken  as  the  standard, 
that  is,  at  the  temperature  of  between  39  and  40^. 

291.  The  determination  of  the  specific  gravity  of 
gaseous  substances  is  an  operation  of  much  greater 
delicacy.  From  the  extreme  lightness  of  gases,  it 
would  be  inconvenient  to  compare  them  with  an  equal  bulk  of 
water,  and,  therefore,  atmospheric  air  is  taken  as  the  standard 
of  comparison.  The  first  step  of  the  process  is  to  ascertain  the 
weight  of  a  given  volume  of  air.  This  is  done  by  weighing  a 
very  light  glass  flask,  furnished  with  a  good  stopcock,  while 
full  of  air;  and  then  weighing  it  a  second  time,  after  the  air  has 
been  withdrawn  by  means  of  an  air-pump.  The  difference  be- 
tween the  two  weights  gives  the  information  required.  Ac- 
cording to  the  observations  of  Prout,  100  cubic  inches  of  pure 
and  dry  atmospheric  air,  at  the  temperature  of  60^,  and  when 
the  barometer  stands  at  30  inches,  weigh  31.01  grains.  By  a 
similar  method  the  weight  of  any  other  gas  maybe  determined, 
and  its  specific  gravity  be  inferred  accordingly.  For  instance, 
suppose  100  cubic  inches  of  oxygen  gas  are  found  to  weigh 
34. 19  grains,  its  specific  gravity  will  be  thus  deduced  ;  as  31.01 : 
34.19 : :  1  (the  sp.  gr.  of  air) :  1.10,  the  specific  gravity  of  oxygen. 

292.  In  taking  the  specific  gravity  of  gases,  to  insure  any  degree  of  nccu- 
racy,  several  circumstances  require  particular  attention.  The  gas  must  not 
only  be  perfectly  pure  and  dry,  but  the  temperature  and  pressure  must  be 
invariable  and  at  a  proper  standard.  In  general,  the  temperature  is  sup- 
posed to  be  at  60°  and  the  barometer  at  30  inches ;  and  if,  at  the  time  of 
making  the  experiment,  cither  is  different,  the  proper  correction  is  to  be 
made. 

In  describing  the  gases,  the  weight  of  100  cubic  inches  is 
usually  mentioned  in  connection  with  the  specific  gravity. 

293.  Chemical  Nomenclature, — Chemistry  is  indebted  for  its 
nomenclature  to  the  labors  of  four  celebrated  chemists,  Lavoi- 
sier, Berthollet,  Guyton-Morveau,  and  Fourcroy.  The  prin- 
ciples which  guided  them  in  its  construction  are  exceedingly 
simple  and  ingenious.  The  known  elementary  subslarvces,^.xvd 
the  more  familiar  compound  ones,  were  allowed  lo  xeXsmx  >i)eia 
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appellation  which  general  usage  had  assigned  to  them.  The 
newly-discovered  elements  were  named  from  some  striking 
property.  Thus  oxygen,  (a  name  applied  to  one  of  the  ele- 
ments of  water)  from  ojfj,  acid,  and  yfn-ai/,  to  generate,  was  so 
called  from  the  belief  that  it  is  the  universal  cause  of  acidity ; 
and  the  term  hydrogen,  from  v6<op,  water,  and  vfvwr,  was  ap- 
plied to  the  other  element  of  water.  So  also  chlorine,  in  con- 
sequence of  its  greenish  color,  receives  its  name  from  ;t'**>po?> 
green  ;  while  bromine  is  indebted  for  its  name  to  its  disagree- 
able odor. 

294.  Compounds,  of  which  oxygen  forms  a  part,  are  called 
acids*  or  oandes,  according  as  they  do  or  do  not  possess  acidity. 
An  oxide  of  iron  or  copper  signifies  a  combination  of  those 
metals  with  oxygen,  which  has  no  acid  properties.  The  name 
of  an  acid  is  derived  from  the  substance  acidified  by  the  oxy- 
gen, to  which  is  added  the  termination  ic.  Thus,  sulphunc 
and  carbonic  acids  signify  acid  compounds  of  sulphur  and  car- 
bon with  oxygen.  Ifsulphur  or  any  other  body  should  form 
two  acids,  that  which  contains  the  least  quantity  of  oxygen  is 
made  to  terminate  in  ous^  as  sulphurow*  acid. 

Here  it  will  be  noticed  that  provision  is  made  in  the  nomen- 
clature for  only  two  acids  formed  from  the  same  substance  by 
the  union  of  oxygen  ;  but  when  three  or  more  occur,  the  pre- 
fix hypo  is  generally  used  to  indicate  the  relative  proportion 
of  oxygen.  Thus  Ay/josulphurous  acid  contains  less  oxygen 
than  the  sulphurous,  and  hyposulphuric  less  than  the  sulphuric, 
but  more  than  the  sulphurous.  The  syllables  j?er  and  oxy  are 
also  often  used ;  thus  per  or  o^y-chloric  acid  is  an  acid  con- 
taining more  oxygen  than  the  chloric. 

295.  But  it  is  well  known  there  are  other  acids  which  contain 
no  oxygen;  these  usually  receive  for  names  terms  compounded 
of  the  names  or  parts  of  the  names  of  the  substances  entering 
into  their  composition.  Thus  hydro-chloric  acid  is  composed 
of  hydrogen  and  chlorine,  chloriodicy  of  chlorine  and  iodine,  &c. 

296.  This  system,  however,  does  not  apply  to  the  acids  of 
organic  substances,  which  sometimes  are  derived  from  the 
names  of  the  substances  that  yield  them,  and  sometimes  are 
suggested  by  mere  accident.  Further  remarks  on  the  subject 
will  be  found  in  Organic  Chemistry. 

297.  The  termination  uret  is  used  to  denote  combinations  of 
the  simple  non-metallic  substances  either  with  one  another, 
with  a  metal,  or  with  a  metallic  oxide.  Sulphwrc^  and  carbwr^ 
of  iron,  for  example,  signify  compounds  of  sulphur  and  carbon 
with  iron.    The  different  oxides  or  sulphurets  of  the  same 


*  It  is  generally  considered  characteristic  of  an  acid  to  change  the  vegeta- 
ble blue  to  red,  but  there  are  many  exceptions.     An  alkali  will  restore  the 
-  '  '  -I  blue,  or  sometimes  change  it  to  green.   The  yellow  color  of  turmeric 
i  to  brown  by  an  alkali. 
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substance  were  formerly  distinguished  from  one  another  by  some 
epithet,  commonly  derived  from  the  color  of  the  compound,  such 
as  the  black  and  red  oxides  of  iron,  the  black  and  red  sulphurets 
of  mercury ;  though  this  practice  is  still  continued  occasionaUy, 
it  is  now  more  customary  to  distinguish  degrees  of  oxydation 
by  the  use  of  derivatives  from  the  Greek  or  Latin.  Protoxide 
signifies  the  first 'degree  of  oxydation,  Wnoxide  the  second,  and 
Peroxide  the  third ;  and  the  term  peroxide  is  often  applied  to 
the  highest  degree  of  oxydation.  The  Latin  word  sesqui,  one 
and  a  half,  is  used  as  an  affix  when  the  elements  of  an  oxide 
are  as  1  to  1  J,  or  as  2  to  3.  The  sulphurets,  carburets,  &c.  of 
the  same  substance  are  designated  in  a  similar  manner. 

298.  The  term  uret  is,  however,  less  used  now  than  formerly, 
there  being  no  reason  why  we  should  adopt  this  in  a  few  cases 
only,  and  still  make  use  of  ide  in  analogous  instances.  Proto- 
sulphuret  and  bisulphuret  of  iron,  therefore,  are  terms  perfectly 
synonymous  with  protosulphide  and  bisulphide  of  iron. 

299.  The  general  term  salt  is  applied  to  the  compounds  of 
the  acids  with  ammonia,  and  the  alkaline  bases  and  other  me- 
tallic oxides;  and  their  names  are  so  contrived  as  to  indicate 
the  substances  contained  in  them.  If  the  acid  contain  a  maxi- 
mum of  oxygen,  the  name  of  the  salt  terminates  in  ate ;  if  a 
minimum,  the  termination  iie  is  employed.  Thus,  the  sulphate, 
phosphate,  and  arsenia^e  of  potassa,  are  salts  of  sulphunc,  phos- 
phoric, and  arsenic,  acids :  while  the  terms  sulphiY^,  phosphiYc, 
and  arsemYe  of  potassa,  denote  combinations  of  that  alkali  with 
the  sulphuroi^,  phosphorot^,  and  arseniow*  acids. 

300.  But  each  of  these  acids  may  unite  with  the  protoxide, 
binoxide,  or  peroxide  of  the  same  substance,  and  to  distinguish 
the  salts  thus  formed  it  is  usual  to  prefix  the  numeral  to  the 
name  of  the  salt  in  the  same  manner  as  to  the  oxide.  Thus  we 
have  protosulphate  and  persulphate  of  mercury  to  designate 
the  sulphates  of  the  protoxide  and  per  or  binoxide  of  mercury. 
We  cannot,  however,  say  bisulphate  of  mercury,  to  designate 
the  sulphate  of  the  binoxide,  as  this  term  has  another  applica- 
tion, as  will  shortly  appear ;  and  it  is  therefore  thought  better 
by  many,  to  avoid  mistake,  always  to  say  sulphate  of  the  proto, 
bi,  or  peroxide. 

301.  The  different  salts  formed  of  the  same  constituents  were 
formerly  divided  into  neutral,  super,  and  ^w6-salts.  They  were 
called  neutral  if  the  acid  and  alkali  were  in  such  proportion 
that  one  neutralized  the  other;  super-salts,  if  the  acid  pre- 
vailed, and  sub-salts,  if  alkali  was  in  excess.  The  name  is  now 
regulated  by  the  atomic  constitution  of  the  salt.  To  a  salt 
formed  of  a  single  equivalent  of  acid  and  alkali,  the  generic 
name  of  the  salt  is  employed  without  any  other  addition;  but 
if  two  or  more  equivalents  of  the  acid  are  attached  to  one  of 
the  base,  or  two  or  more  equivalents  of  the  base  to  one  of  the 
acid,  a  numeral  is  prefixed  so  as  to  indicate  to  corcv^os\.\}tfixw 
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The  two  salts  of  sulphuric  acid  and  potassa  are  called  sulphate 
and  W^ulphate ;  the  first  containing  one  equivalent  of  the  acid 
and  one  of  the  alkali,  and  the  second  salt,  two  equivalents  of 
the  former  substance  to  one  equivalent  only  of  the  latter.  The 
three  salts  of  oxalic  acid  and  potassa  are  termed  the  oxalate, 
W/ioxalate,  and  quadroxalaie  of  potassa :  because  one  equiva- 
lent of  the  alkali  is  united  with  one  equivalent  of  acid  in  the 
first,  with  two  in  the  second,  and  with  four  in  the  third  salt. 

302.  The  numerals  which  denote  the  equivalents  of  acid  in  a 
super-salt  are  derived  from  the  Latin,  as  W,  ter,  quadro,  while 
those  used  to  indicate  the  same  with  regard  to  the  equivalents 
of  base  in  a  sub-salt,  are  derived  from  the  Greek,  as  dis,  tris, 
tetrakU.  Thus  bichromate  of  potassa  contains  2  equivalents 
of  acid  and  1  eq.  of  potassa ;  but  the  dlchromate  of  oxide  of 
lead  contains  1  eq.  of  acid  and  2  eq.  of  oxide  of  lead.  This 
principle  has  been  considerably  extended ;  and  it  is  now  com- 
mon to  distinguish  two  or  more  equivadents  of  the  negative 
element  by  Latin  numerals,  and  apply  the  Greek  numerals  to 
desi^ate  the  equivalents  of  the  positive  element.  Thus  a 
bichloride  is  a  compound  of  2  equivalents  of  the  electro-nega- 
tive element  chlorine,  with  1  eq.  of  some  electro-positive  sub- 
stance; but  a  dichloride  contains  1  eq.  of  chlorine  in  combina- 
tion with  2  eq.  of  the  positive  element 

The  super-salts  having  an  excess  of  acid  Are  also  called  acid 
salts ;  and  for  a  similar  reason  the  sub  are  often  called  basic- 
salts.  Monobasic,  bibasic,  and  tribasic  salts  are  such  as  con- 
tain 1,  2,  and  3  eq.  of  base  to  1  eq.  of  acid. 

303.  The  generic  part  of  the  name  of  a  compound  is  also 
usually  formed  from  that  ingredient  which  is  most  highly  electro- 
negative. Thus,  to  compounds  of  oxygen  and  chlorine,  chlo- 
rine and  iodine,  iodine  and  sulphuf,  sulphur  and  potassium,  in 
which  the  first  of  each  pair  is  the  electro-negative  element,  we 
say  oxides  of  chlorine,  chloride  of  iodine,  iodide  of  sulphur,  sul- 
phuret  of  potassium;  and  not  chloride  of  oxygen,  iodide  of 
chlorine,  &c. 

The  term  salt  has  within  a  few  years  received  a  much  more 
extended  signification  than  is  given  above  (299) ;  but  the  fiirther 
discussion  of  the  subject  is  reserved  for  the  Chapter  upon  Salts. 


SECTION  II. 

AFFINITY. 


304.  All  chemical  phenomena  are  owing  to  AflSnity  or 
Chemical  Attraction.  It  is  the  basis  on  which  the  science  of 
chemistry  is  fouBded.    It  is,  as  it  were,  the  instrument  which 
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the  chemist  employs  in  all  his  operations,  and  hence  it  forms 
the  first  and  leading  object  of  his  study. 

305.  Affinity  is  exerted  between  the  minutest  particles  of  dif- 
ferent  kinds  of  matter,  causing  them  to  combine  so  as  to  form 
new  bodies  endowed  with  new  properties.  It  acts  only  at  in- 
sensible distances;  in  other  words,  apparent  contact,  or  the 
closest   proximity,  is  necessary  to  its  action.    Every  thing 

*  which  prevents  such  contiguity  is  an  obstacle  to  combination ; 
and  any  force  which  increases  the  distance  between  particles 
already  combined,  tends  to  separate  them  permanently  from 
each  other.  In  the  former  case,  they  do  not  come  within  the 
sphere  of  their  mutual  attraction ;  in  the  latter,  they  are  removed 
out  of  it.  It  follows,  therefore,  that,  though  affinity  is  regarded 
as  a  specific  power,  distinct  from  the  other  forces  which  act  on 
matter,  its  action  may  be  promoted,  modified,  or  counteracted 
by  them ;  and,  consequently,  in  studying  the  phenomena  pro- 
duced by  affinity,  it  is  necessary  to  inquire  into  the  conditions 
that  influence  its  operation. 

306.  The  most  simple  instance  of  the  exercise  of  chemical 
attraction  is  afforded  by  the  admixture  of  two  substances. 
Water  and  sulphuric  acid,  or  water  and  alcohol,  combine 
readily.  On  the  contrary,  water  shows  little  disposition  to 
unite  with  sulphuric  ether,  and  still  less  with  oil;  for,  however 
intimately  their  particles  may  be  mixed  together,  they  are  no 
sooner  left  at  rest  than  the  ether  separates  almost  entirely  from 
the  water,  and  a  total  separation  takes  place  between  that  fluid 
and  the  oil.  Sugar  dissolves  very  sparingly  in  alcohol,  but  to 
any  extent  in  water;  while  camphor  is  dissolved  in  a  very 
small  degree  by  water,  and  abundantly  by  alcohol.  It  appears, 
from  these  examples,  that  chemical  attraction  is  exerted  between 
different  bodies  with  different  degrees  of  force.  There  is  some- 
times no  proof  of  its  existence  at  all ;  between  some  substances 
it  acts  very  feebly,  and  between  others  with  great  energy. 

307.  Single  Elective  Affinity. — Simple  combination  of  two  sub- 
stances is  a  common  occurrence;  of  which  the  solution  of  salts 
in  water,  the  combustion  of  phosphorus  in  oxygen  gas,  and 
the  neutralization  of  a  pure  alkali  by  an  acid,  are  instances. 
But  the  phenomena  are  often  more  complex.  The  formation 
of  a  new  compound  is  often  attended  by  the  destruction  of  a 
pre-existing  one;  as  when  some  third  body  acts  on  a  com- 
pound, for  one  element  of  which  it  has  a  greater  affinity  than 
they  have  for  one  another.  Thus,  oil  has  an  affinity  for  the 
volatile  alkali,  ammonia,  and  will  unite  with  it,  forming  a  soapy 
substance  called  a  liniment.  But  the  ammonia  has  a  still 
greater  attraction  for  sulphuric  acid,  and  hence,  if  this  acid  be 
added  to  the  liniment,  the  alkali  will  quit  the  oil,  and  unite  by 
preference  with  the  acid.  If  a  solution  of  camphor  in  alcohol 
be  poured  into  water,  the  camphor  will  be  set  free,  because  the 
alcohol  combines  with  the 'water.     Sulphuric  acid,  in  like  man- 
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ner,  separates  baryta  from  nitric  acid.  Combination  and  de-^ 
composition  occur  in  each  of  these  cases ;— combination  of  sul- 
phuric acid  with  ammonia,  of  water  with  alcohol,  and  of  baryta 
with  sulphuric  acid ;— decomposition  of  the  compounds  formed 
of  oil  and  ammonia,  of  alcohol  and  camphor,  and  of  nitric  acid 
and  baryta.  These  are  examples  of  single  elective  affinity;  so 
called  because  a  substance  manifests,  as  it  were,  a  choice  for 
one  of  two  others,  uniting  with  it  by  preference,  and  to  the  ex- 
clusion of  the  other.  Many  of  the  decompositions  jthat  occur 
in  chemistry  are  instances  of  single  elective  affinity^ 

308.  It  was  at  one  time  supposed  that  these  decompositions  always  take 
place  in  the  same  order,  independently  of  circumstances ;  and  tables  of  de- 
composition were  drawn  up,  of  which  the  following  are  examples  :— 

Soda.  Sulphuric  Acid. 


Sulphuric  acid. 
Nitric  acid, 
Hydrochloric  acid. 
Acetic  acid, 
Carbonic  acid. 


Baryta, 

Strontia, 

Potassa, 

Soda, 

Lime, 

Ammonia, 

Magnesia. 


The  first  table  was  designed  to  indicate  tlie  relative  strength  of  the  affinity 
of  soda  for  the  several  acids  placed  below  it ;  thus  the  affinity  of  soda  for 
sulphuric  acid  is  greater  than  for  nitric  or  any  of  the  other  acids  below  it, 
while  the  affinity  of  soda  for  nitric  acid  is  greater  than  for  the  hydrochloric, 
&.C.  As  a  necessary  consequence  of  this,  each  of  tlie  acids  mentioned,  it 
was  supposed,  would  separate  soda  from  its  combination  with  either  of  the 
acids  below  it,  and  be  itself  separated  from  this  solution  by  those  above  it 

By  the  second  table  the  relative  affinities  of  sulphuric  acid  for  the  several 
bases  mentioned  below  it  were  indicated,  and  the  order  in  which  its  com- 
pounds with  these  bases  would  be  decomposed. 

Nor  were  these  tables  founded  upon  hypothesis  alone ;  they  exhibited 
the  results  of  numerous  most  accurate  experiments,  and  their  truth  was 
supposed  to  be  demonstrated. 

309.  huch  tables,  however,  cannot  be  relied  upon,  as  the  chemical  action 
of  two  or  more  subBtanccs  does  not  arise  simply  from  their  chemical  affini- 
ties,  but  results  from  the  combined  influences  of  heat,  electricity,  cohesion, 
and  other  agencies,  which  oflen  modify  the  results  to  a  remarkable  extent. 
By  a  change  of  temperature,  an  affinity  originally  weak,  may  become  very 
strong,  and  even  preponderate  over  others  previously  much  stronger  than 
itself;  end  in  certain  electrical  conditions  (230),  powerful  affinities  may  be 
entirely  overcome.  Chemical  action,  therefore,  is  to  be  regarded,  not  as  tlie 
simple  consequence  of  affinity  alone,  but  as  the  result  of  a  number  of  forces 
acting  in  diffident  directions,  and  with  variable  intensities,  of  which  affinity 
is  but  one,  although  perhaps,  for  our  purpose,  it  may  be  more  important 
than  any  other. 

310.  We  may  indeed  find  in  the  variableness  of  intensity  with  which 
affinity  is  exerted,  a  striking  instance  of  Creative  Wisdom;  for  on  it  de- 
pends the  infinite  variety  both  of  organic  and  inorganic  beings,  which  peo- 
ple and  beautify  the  earth.  Had  those  bodies  which  have  the  strongest 
affinity  for  each  other,  in  all  cases  been  able  to  combine,  independent  of 


olher  infiue 


diBsalvioe  (heir  couDsction 
origin  ot   Uia  glnlie,  those  t 
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'ould  Beera  there  could  have  been  no  meiun  of 
ince  fotnied;  and  imiiictlialol;  on  tlia 
IB  bodies  which  have  Ihe  Btroageel  affinities  would 
10  separated  ;  and  the  olheni  eubsequcntl/  cam- 
liiniag  in  the  order  of  their  altrnclione,  the  Tniioua  aubatancee  of  nature 
would  long  BtoCH  bare  been  arranged  in  a  few  uncliDiigeabh:  chemical 
combinalioas.  The  diversilied  changes  of  animal  and  vegetable  lite  would 
be  impuBEiblc,  and  the  Gurface  of  Ibe  eailli  must  for  ever  remain  deaolale 

31 1.  Double  Elective  Affinity. — Affinity  is  tlie  cause  of  slill 
more  complicated  changes  than  those  which  have  been  just 
considereii.  In  a  case  of  single  elective  affinity,  lliree  snl)- 
stances  only  are  present,  and  two  affinities  are  in  play.  But  it 
frequently  happens  that  two  compouods  are  mixed  together, 
and  four  different  afflnitiea  brought  into  action.  The  changes 
that  may  ordo  occur  under  these  circumstances  maybe  studied 
by  aid  of  a  diagram.  Thus,  in  mixing  together  a  solution  of 
carbonate  of  ammonia  and  hydrochlorale  of  lime,  their  mutual 
action  may  be  represented  in  Ihe  following 


Carbonic  acid  Ammonia 


Hydrochloric  acid 


Each   of  the  acids  has  an  attraction  for  both  bases,  and 

.    bence  it  is  possible  either  that  the  two  salts  should  continue  as 

Itiey  were,  or  that  an  interchange  of  principles  should  ensue, 

giving  rise  to  two  new  compounds — carbonate  of  hme  and 

uydrochlorate  of  ammonia. 

St2.  The  affinities  which  tend  to  preserve  the  ori^nal  com- 
pounds have  been  called  the  quieacent,  and  those  which  lend  to  i 
cause  an  exchange  of  principles,  the  divcltent  affinities.  !f  the 
aum  of  the  former  is  greatest,  that  is,  in  the  present  instance,  if 
the  affinity  of  carbonic  acid  for  ammonia,  and  hydrochloric  acid 
for  lime,  exceed  that  of  carbonic  acid  for  lime,  added  to  that  of 
hydrochloric  acid  for  ammonia,  then  will  Ihe  two  sails  experi- 
ence no  change  whatever ;  but  if  the  divellont  affinities  prepon- 
derate, then,  as  does  actually  happen,  both  the  original  salts 
will  l>e  decomposed  and  two  new  ones  generated.  Two  de- 
compositions and  two  combinations  take  place,  being  aninstanco 
of  what  is  called  double  elective  qffiniij/. 

But  the  effect  cannot  always  here,  more  than  in  cases  of 
tingle  elective  affinity,  be  ascribed  to  the  sole  influence  of 
affinity;  circumstances  often  change  entirely  the  character  of 
the  results. 


122  MANUAL    OF    CHEMISTRY. 


CIRCUMSTANCES   THAT   MODIFY   AND    INFLUENCE  THE   OPERATION  OT 

AFFINITY. 

313.  Of  the  conditions  which  are  capable  of  promoting  or 
counteracting  the  tendency  of  chemical  attraction,  the  following 
are  the  most  important; — cohesion,  elasticity,  quantity  of  mat- 
ter, and  contact  with  other  bodies.  To  these  may  be  added 
the  agency  of  heat,  electricity,  and  light.  The  influence  of  the 
last  two  agents  has  already  been  discussed  in  the  proper  placet 
(154,  157,  230);  that  of  heat  will  be  considered  under  the  headf 
of  cohesion  and  elasticity. 

314.  Cohesion, — The  first  obvious  effect  of  cohesion  is  to 
oppose  affinity,  by  impeding  or  preventing  that  mutual  pene* 
tration  and  close  proximity  of  the  particles  of  different  bodiei^ 
which  are  essential  to  the  successful  exercise  of  their  attractioiu 
For  this  reason,  bodies  seldom  act  chemically  in  their  solid 
state;  their  molecules  do  not  come  within  the  sphere  of  attrac- 
tion, and,  therefore,  combination  cannot  take  place,  althoueb 
their  affinity  may  in  fact  be  considerable.  Liquidity,  on  tne 
contrary,  favors  chemical  action ;  it  permits  the  closest  possible 
approximation,  while  the  cohesive  power  is  comparatively  so 
trifling  as  to  oppose  no  appreciable  barrier  to  affinity. 

In  a  few  instances  chemical  action  takes  place  between 
solids,  as  between  phosphorus  and  sulphur  or  phosphorus  and 
iodine. 

Cohesion  may  be  diminished  in  two  ways,  by  mechanical 
division,  or  by  the  application  of  heat.  The  former  is  useful 
by  increasing  the  extent  of  surface ;  but  it  is  not  of  itself  in 
general  sufficient,  because  the  particles,  however  minute,  still 
retain  that  degree  of  cohesion  which  constitutes  solidity.  Heat 
acts  with  greater  effect,  and  never  fails  in  promoting  combina- 
tion, whenever  the  cohesive  power  is  a  barrier  to  it.  Its 
intensity  should  always  be  so  regulated  as  to  produce  liquefec- 
tion.  The  fluidity  of  one  of  the  substances  frequently  suffices 
for  effecting  chemical  union,  as  is  proved  by  the  facility  with 
which  water  dissolves  many  salts  and  other  solid  bodies.  But 
the  cohesive  force  is  still  in  operation ;  for  a  solid  is  commonly 
dissolved  in  greater  quantity  when  its  cohesion  is  diminished 
by  heat. 

315.  Cohesion  sometimes  even  determines  the  results  of 
chemical  action,  probably  in  opposition  to  affinity.  Thus,  on 
mixing  together  a  solution  of  two  acids  and  one  alkali,  of  which 
two  salts  may  be  formed,  one  soluble,  and  the  other  insoluble, 
the  alkali  will  always  unite  with  that  acid,  with  which  it  forms 
the  insoluble  compound,  to  the  total  exclusion  of  the  other. 
When,  for  example,  hydrochloric  acid,  sulphuric  acid,  and 
bar3rta,  are  mixed  together,  stdphate  of  baryta  is  formed  in  con- 
sequence of  its  insolubility.    Lime,  which  yields  an  insoluble 


-  -i 


salt  with  carbonic  acid,  separates  that  acid  from  ammonia, 
potassa,  and  soda,  witb  aJI  of  wliich  it  makes  soluble  com- 
pounds. 

Acetic  acid  doubtless  has  a  stronger  affinity  for  potassa  than 
carbonic  acid  has,  for  when  poured  mto  a  solution  of  carbonate 
of  potassa  in  water,  the  carbonic  acid  is  expelled  with  eScr- 
vesoence ;  but  if  a  stream  of  carbonic  acid  is  passed  into  a  solu- 
tion of  acetate  of  potassa  in  alcohol,  the  salt  Is  decomposed,  the 
acetic  acid  net  free,  and  carbonate  of  potassa  fornied.  The 
cause  of  this  is  the  insolubility  of  carbonate  of  potassa  in 
alcohoL 

316.  Elaxtidty. — From  the  obstacle  which  cohesion  puts  in 
the  way  of  affinity,  the  gaseous  state,  iu  which  the  cohesive 
power  is  wholly  wanting,  might  be  expected  to  be  peculiarly 
favorable  to  chemical  action.  The  reverse,  however,  is  the 
feet  Bodies  evince  little  disposition  to  unite  when  presented 
to  each  other  in  the  elastic  lorm.  Combination  does,  indeed, 
sometimes  lake  place,  in  consequence  of  a  very  energetic  at- 
traction ;  but  examples  of  an  opposite  kind  are  much  more 
common.  Oxygen  and  hydrogen  gases,  and  chlorine  and 
hydrogea,  though  their  mutual  affinity  is  very  powerful,  may 
be  preserved  tt^etber  for  any  length  of  lime  without  com- 
bining. This  want  of  action  seems  to  arise  from  tfie  distance 
between  tiie  particles,  preventing  that  close  approach  which 
is  so  necessary  to  the  successful  exercise  of  affinity.  Hence 
many  gases  cannot  be  made  to  unite  directly,  which,  neverthe- 
less, combine  readily  while  in  their  nascent  state;  that  is,  while 
in  the  act  of  assuming  the  gaseous  form  by  the  decomposition 
of  some  of  their  solid  or  fluid  combinations. 
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318.  The  influence  of  heat  upon  chemical  action  is  therefore 
variable,  sometimes  tending  to  promote  it,  and  at  others  pre- 
ventiog  it  altogether.  Whenever  cohesion  interposes  an  obsta- 
cle to  tbe  action  of  affinity,  heat  facilitates  it  by  diminishing  the 
COhceive  attraction,  if  a  solid,  or  even  converting  it  into  a 
liquid.  On  the  contrary,  when  a  substance  is  converted  by  it 
into  a  gas,  chemical  combination  is  prevented  in  consequence 
of  the  great  distance  to  which  the  particles  are  separated  fi'om 
each  other. 
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319.  Some  instances  of  decomposition  may  even  be  ascribed  to  elasticity. 
If  three  substances  are  mixed  together,  two  of  which  are  capable  of  forming* 
a  compound  which  is  less  volatile  than  the  third  body,  the  last  will,  in 
general,  be  completely  driven  off  by  the  application  of  heat.  The  decom- 
position  of  the  suits  of  ammonia  by  the  pure  alkalies  or  alkaline  earths,  may 
be  adduced  as  an  example ;  and  for  tlie  same  reason,  all  the  carbonates  are 
decomposed  by  hydrochloric  acid,  and  all  the  hydrochlorates  by  sulphuric 
acid.  This  explanation  applies  equally  well  to  some  cases  of  double  decom. 
position.  It  explains,  for  instance,  why  the  dry  carbonate  of  lime  will 
decompose  hydrochlorate  of  ammonia  by  the  aid  of  beat ;  for  carbonate  of 
ammonia  is  more  volatile  than  the  hydrochlorate  either  of  ammonia  oi 
lime. 

So  if  sulphate  of  ammonia  and  hydrochlorate  of  soda  are  mixed,  and  beat 
applied,  hydrochlorate  of  ammonia  suUimes,  and  sulphate  of  soda  remains 
fixed.  Boracic  acid  may  readily  be  entirely  separated  from  its  combina- 
tion with  soda  by  sulphuric  acid ;  but  if  this  acid  is  heated  to  redness  with 
sulphate  of  soda,  the  sulphuric  acid  will  be  expelled  in  consequence  of  its 
volatility  at  high  temperatures,  and  the  boracic  acid  will  remain  in  com- 
bination  with  the  soda. 

320.  Quantity  of  Matter. — The  influence  of  quantity  of  matter 
over  affinity  is  universally  admitted.  If  one  body  A  unites 
with  another  body  B  in  several  proportions,  that  compound 
will  be  most  difficult  of  decomposition  which  contains  the 
smallest  quantity  of  B.  Of  the  three  oxides  of  lead,  for  instance, 
the  peroxide  parts  most  easily  with  its  oxygen  by  the  action 
of  heat;  a  higher  temperature  is  required  to  decompose  the  red 
oxide ;  and  the  protoxide  will  bear  the  strongest  heat  of  our 
furnaces  without  losing  a  particle  of  its  oxygen. 

The  influence  of  quantity  over  chemical  attraction  may  be 
farther  illustrated  by  the  phenomena  of  solution.  When  equal 
weights  of  a  soluble  salt  are  added  in  succession  to  a  given 
quantity  of  water,  which  is  capable  of  dissolving  almost  the 
whole  of  the  salt  employed,  the  first  portion  of  the  salt  will 
disappear  more  readily  than  the  second,  the  second  than  the 
third,  the  third  than  the  fourth,  and  so  on.  The  affinity  of  the 
water  for  the  saline  substance  diminishes  with  each  addition, 
till  at  last  it  is  weakened  to  such  a  degree  as  to  be  unable  to 
overcome  the  cohesion  of  the  salt.  The  process  then  ceases, 
and  a  saturated  solution  is  obtained. 

Quantity  of  matter  is  employed  advantageously  in  many  chemical  opera- 
tions.  If,  for  instance,  a  chemist  is  desirous  of  separating  an  acid  from  a 
metallic  oxide  by  means  of  the  superior  affinity  of  potassa  for  the  former, 
he  frequently  uses  rather  more  of  the  alkali  than  is  sufficient  for  neutral- 
izing  the  acid.  He  takes  the  precaution  of  employing  an  excess  of  alkali, 
in  order  the  more  effectually  to  bring  every  particle  of  the  substance  to  be 
decomposed  in  contact  with  the  decomposing  agent. 

331.  Contact  with  other  bodies. — The  simple  contact  of  other  bodies  in 
some  instances  essentially  affects  the  action  of  affinity.  Thus,  if  a  coil  of 
platinum  wire  be  heated  to  redness  and  suspended  in  a  glass  vessel,  the 
inside  of  which  has  previously  been  moistened  with  strong  alcohol  or  etber, 
a  slow  combustion  of  the  vapor  immediately  takes  place,  and  the  tempera- 
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ture  of  the  wire  is  kept  apu  So  also  a  mixtare  of  oxygen  and  hydrogen 
gaaes  is  made  to  explode  hy  a  small  ball  of  spongy  piatinam,  or  in  some 
cases  by  very  clean  piatinam  foil,  though  of  themselves,  when  brought  to- 
gether, they  show  no  tendency  to  combine.  The  platinum  has  the  effect 
to  condense  a  portion  of  these  gases  upon  its  snrface,  by  which  beat  is  pro- 
duced ;  and  a  union  takes  place  at  first  slowly  between  small  portions  only 
of  the  mixture,  but  as  soon  as  the  temperature  is  sufficienUy  raised,  extends 
instantaneously  through  the  whole  that  remains,  with  an  explosion.  When 
piatinam  sponge  b  u^  the  action  is  mnch  fiicilitated  by  the  great  amount 
of  surface  which  acts  upon  the  gases  within  a  very  limited  space. 

322.  Instances  of  chemical  action,  like  the  above,  cannot  of  course  be 
attributed  to  the  action  of  mere  affinity,  and  it  has  been  supposed  another 
force  most  come  into  operation  called  a  catalytic  force  ;  and  the  term  cata- 
lysis has  been  used  to  designate  the  class  of  operations. 

The  sudden  decomposition  of  explosive  bodies  by  a  blow,  or  by  elevation 
of  temperature,  are  also  instances  of  catalysis.  Platinum,  which  by  itself 
is  totally  unacted  upon,  by  nitric  acid,  is  readily  dissolved  by  a  connection 
with  silver  in  the  form  of  alloy ;  and  copper,  though  unaffected  by  sulphuric 
add,  when  pure,  b  easily  soluble  by  it  when  alloyed  with  zinc  and  nickel, 
in  the  compound  called  German  silver.  But  the  most  important  instances 
of  catalysis  are  to  be  found  in  the  chemistry  of  organic  matter,  which  it 
would  be  fMTeraature  here  to  anticipate. 

323.  Mechanical  action  also  may  be  mentioned  as  frequentiy  modifying 
the  action  of  affinity.  Thus  its  commencement,  as  in  the  case  of  fulmi- 
nating mercary  or  a  mixture  of  chlorate  of  potassa  and  sugar,  is  determined 
by  a  blow ;  and  two  elastic  fluids  may  sometimes  be  made  to  combine  by 
sudden  compression.  Water  under  high  pressure  will  combine  with  much 
more  carbonic  acid  than  when  the  pressure  is  less.  Carbonate  of  lime  is 
decomposed  at  a  high  temperature  in  the  open  air,  but  under  strong  pres- 
sure  it  may  be  melted  without  producing  this  effect. 

CHANGES    THAT    ACCOMPANY    CHEMICAL     ACTION. 

324.  The  leading  circumstance  that  characterizes  chemical 
action  is  the  loss  of  properties  experienced  by  the  combining 
substances,  and  the  acquisition  of  new  ones  by  the  product  of 
their  combination.  The  change  of  property  is  sometimes  in- 
considerable. In  a  solution  of  sugar  or  salt  in  water,  and  in 
mixtures  of  water  with  alcohol  or  sulphuric  acid,  the  compound 
retains  so  much  of  the  character  of  its  constituents  that  there 
is  no  difficulty  in  recognizing  their  presence.  But  more  gene- 
rally the  properties  of  one  or  both  of  the  combining  bodies  dis- 
appear entirely.  One  would  not  suppose  from  its  appearance 
that  water  is  a  compound  body;  much  less  that  it  is  composed 
of  two  gases,  oxygen  and  hydrogen,  neither  of  which  when 
imcombined,  has  ever  been  compressed  into  a  liquid.  Hydro- 
gen is  one  of  the  most  inflammable  substances  in  nature,  and 
yet  water  cannot  be  set  on  fire;  oxygen,  on  the  contrary, 
enables  bodies  to  burn  with  great  brilliancy,  and  yet  water 
extinguishes  combustion.  The  alkalies  and  earths  were  re- 
garded as  simple  till  Davy  proved  them  to  be  compound,  and 
certainly  they  evince  no  sign  whatever  of  containing  oxygen 
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and  metal.  Numerous  examples  of  a  similar  kind  are  afforded 
by  the  mutual  action  of  acids  and  alkalies.  Sulphuric  acid 
and  potassa,  for  example,  are  highly  caustic.  The  former  is 
intensely  sour,  reddens  the  blue  color  or  vegetables,  and  has  a 
strong  affinity  for  alkaline  substances ;  the  latter  has  a  pungent 
taste,  converts  the  blue  color  of  vegetables  to  green,  and  com- 
bines readily  with  acids.  On  adding  these  principles  cautiously 
to  each  other,  a  compound  results  called  a  neutral  salt,  which 
does  not  in  any  way  affect  the  coloring  matter  of  plants,  and 
in  which  the  other  distinguishing  features  of  the  acid  and  alkali 
can  no  longer  be  perceived.  They  appear  to  have  destroyed 
the  properties  of  each  other,  and  are  hence  said  to  neutralize 
one  another. 

325.  The  changes  that  accompany  the  action  of  affinity  are 
many  and  important;  nor  is  it  possible  to  determine  any  of  the 
properties  a  compound  will  possess  merely  by  knowing  the 
nature  of  the  ingredients  that  enter  into  its  composition. 

1.  It  is  observed  that  two  bodies  rarely  occupy,  after  com- 
bination, the  same  space  which  they  possessed  separately.  In 
general  their  bulk  is  diminished,  so  that  the  specific  gravity, 
of  the  new  body  is  greater  than  the  mean  of  its  components. 
Thus  a  mixture  of  100  measures  of  water  and  an  equal  quantity 
of  sulphuric  acid  does  not  occupy  the  space  of  200  measures, 
but  considerably  less.  A  similar  contraction  frequently  attends 
the  combination  of  solids.  Gases  often  experience  a  remarka- 
ble condensation  when  they  unite.  The  elements  of  olefiant 
gas,  for  instance,  would  expand  to  four  times  the  bulk  of  that 
compound,  if  they  were  suddenly  to  become  free,  and  assume 
the  gaseous  form.  But  the  rule  is  not  without  exception. 
The  reverse  happens  in  some  metallic  compounds;  and  there 
are  examples  of  combination  between  gases  without  any  change 
of  bulk. 

2.  A  change  of  temperature  generally  accompanies  chemical 
action.  Heat  is  evolved,  either  when  there  is  a  diminution  in 
the  bulk  of  the  combining  substances  without  change  of  form, 
or  when  a  gas  is  condensed  into  a  liquid,  or  a  liquid  becomes 
solid.  The  heat  caused  by  mixing  sulphuric  acid  with  water 
is  an  instance  of  the  former;  and  the  common  process  of 
slaking  lime,  during  which  water  loses  its  liquid  form  in  com- 
bining with  that  earth,  is  an  example  of  the  latter.  The  pro- 
duction of  cold  seldom  or  never  takes  place  during  combina- 
tion, except  when  heat  is  rendered  insensible  by  the  conversion 
of  a  solid  into  a  liquid,  or  a  liquid  into  a  gas.  All  tlie  frigorific 
mixtures  act  in  this  way. 

3.  The  changes  of  form  that  attend  chemical  action  are  ex- 
ceedingly various.  The  combination  of  gases  may  give  rise 
to  a  liquid,  as  in  the  union  of  olefiant  gas  and  chlorine  to  form 
chloric  ether,  or  of  oxygen  and  hydrogen  to  form  water;  or  to 
a  solid,  as  in  the  union  of  carbonic  acid  gas  and  ammonia  to 
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form  solid  carbonate  of  ammonia,  or  hydrochloric  acid  and 
ammonia,  to  form  hydrochlorate  of  ammonia. 

Two  solids  may  in  combining  form  a  liquid,  as  is  the  case 
when  crystals  of  sulphate  of  soda  and  nitrate  of  ammonia  are 
rubbed  together  in  a  mortar,  or  acetate  of  lead  and  alum. 
Solids  may  also,  in  combining,  form  gases,  as  is  the  case  when 
gunpowder  detonates.  Two  liquids  by  uniting  may  form  a 
solid,  as  may  be  shown  by  pouring  sulphuric  acid  into  a  solu- 
tion of  hydrochlorate  of  lime. 

4.  Chemical  action  is  frequently  attended  by  change  of  color. 
No  uniform  relation  has  been  traced  between  the  color  of  a 
compound  and  that  of  its  elements.  Iodine,  whose  vapor  is 
of  a  violet  hue,  forms  a  beautiful  red  compound  with  mercury, 
and  a  yellow  one  with  lead.  The  black  oxide  of  copper  generally 
gives  rise  to  green  and  blue-colored  salts ;  while  the  salts  of  the 
oxide  of  lead,  which  is  itself  yellow,  are  for  the  most  part 
colorless. 

A  beautifal  instance  of  the  change  of  color  produced  by  chemical  action 
is  seen  in  mixing  solutions  of  bichloride  of  mercury  and  iodide  of  potassium. 
The  solutions  may  be  made  as  perfectly  limpid  as  water,  but,  upon  being 
mixed,  a  beautiful  vermilion  red  is  produced  by  the  formation  of  biniodido 
of  mercury.  The  color  shortly  disappears,  if  either  solution  was  in  excess, 
by  the  re-dissolving  of  the  precipitate. 

The  color  of  precipitates  is  a  very  important  study,  as  it  supplies  a 
character  by  which  most  substances  may  be  distinguished. 


SECTION  III. 
LAWS    OF   COMBINATION— CHEMICAL  PROPORTIONS. 

326.  The  study  of  the  proportions  in  which  bodies  unite  natu- 
rally, resolves  itself  into  two  parts.  The  first  includes  com- 
pounds whose  elements  appear  to  unite  in  a  great  many  pro- 
portions ;  the  second  comprehends  those,  the  elements  of  which 
combine  in  a  few  proportions  only. 

The  compounds  contained  in  the  first  division  are  of  two 
kinds.  In  one,  combination  takes  place  unlimitedly  in  all  pro- 
portions ;  in  the  other,  it  occurs  in  every  proportion  within  a 
certain  limit.  The  union  of  water  with  alcohol  and  the  liquid 
acids,  such  as  the  sulphuric,  hydrochloric,  and  nitric,  affords 
instances  of  the  first  mode  of  combination ;  the  solutions  of 
salts  in  water  are  examples  of  the  second.  One  drop  of  sul- 
phuric acid  may  be  diffused  through  a  gallon  of  water,  or  a 
drop  of  water  through  a  gallon  oi  the  acid ;  or  they  may  be 
mixed  together  in  any  intermediate  proportions ;  and  never- 
theless, in  each  case  they  appear  to  unite  perfectly  with  each 
other.    A  hundred  grains  of  water,  on  the  contrary,  will  dis- 
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solve  any  quantity  of  salt  which  does  not  exceed  forty  grains. 
Its  solvent  power  then  ceases,  because  the  cohesion  of  the  solid 
becomes  comparatively  too  powerful  for  the  force  of  affinity. 
The  limit  to  combination  is  in  such  instances  owing  to  the 
cohesive  power;  and,  but  for  the  obstacle  which  it  occasions, 
the  salt  would  most  probably  unite  with  water  in  every  pro- 
portion. 

327.  All  the  substances  which  unite  in  many  proportions  give 
rise  to  compounds  which  have  this  common  character,  that 
their  elements  are  united  by  a  feeble  affinity,  and  preserve, 
when  combined,  more  or  less  of  the  properties  which  they 
possess  in  a  separate  state. 

It  should  be  remarked,  however,  that,  though  some  sub- 
stances, as  above  stated,  appear  to  unite  in  every  proportion, 
it  may  be  so  in  appearance  only;  and  there  are  indications 
which  have  induced  the  belief  that  chemical  union  between 
two  or  more  substances  takes  place  always  in  definite  propor- 
tions. Thus,  though  some  acids  appear  to  unite  with  water 
in  every  proportion,  yet  there  are  certain  relative  quantities  of 
acid  and  water  which  possess  peculiar  properties,  and  form 
the  most  energetic  compounds.  Mixtures  of  alcohol  and 
water  of  different  strength  may  contain  the  same  definite 
compounds  of  these  fluids  mixed  with  each  other  in  different 
proportions. 

Many  of  the  metals  appear  to  combine  with  each  other  in 
indefinite  proportions,  but  there  are  reasons  for  supposing  that 
in  these  cases  a  few  definite  compounds  are  formed,  which  are 
variously  mixed  with  each  other.  Thus  Rudberg  found  that 
variable  mixtures  of  metals  in  cooling  after  fusion,  have  gene- 
rally two  periods  when  the  thermometer  is  stationary.  In 
alloys  of  lead  and  tin,  one  of  these  points  is  uniformly  at  368J° 
for  all  mixtures,  while  the  other  point  varies  according  as  one 
or  the  other  metal  is  predominant,  and  is  near  the  fusing  point 
of  the  predominating  metal.  From  this  it  is  inferred  that  the 
latter  point  is  caused  by  the  congelation  of  the  predominating 
metal,  and  the  constant  point  is  the  congealing  temperature  oi 
an  alloy  of  uniform  composition  present  in  all  the  mixtures. 
This  alloy  is  composed  of  three  equivalents  of  tin  and  one 
equivalent  of  lead,  its  congealing  point  being  368^°.  In  varia- 
ble mixtures  of  bismuth  and  tin,  the  constant  point  is  289^®, 
which  is  the  congealing  temperature  of  an  alloy  composed  of 
single  equivalents  of  tin  and  bismuth. 

328.  The  most  interesting  series  of  compounds  is  produced 
by  substances  which  unite  in  a  few  proportions  only,  and 
which,  in  combining,  lose  more  or  less  completely  the  proper- 
ties that  distinguish  them  when  separate.  Of  these  bodies, 
some  form  but  a  single  compound,  while  others  unite  in  two, 
and  some  in  three,  four,  five,  or  more  proportions. 
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The  combination  of  substances  that  unite  in  a  few  propor- 
tions only  is  regulated  by  the  foUowing  remarkable  laws : — 

1.  The  composition  and  properties  of  bodies  are  fixed  and 
invariable, 

A  compound  substance,  so  long  as  it  retains  its  characteristic  . 
properties,  always  consists  of  the  same  elements  united  in  the 
same  proportion.  Sulphuric  acid,  for  instance,  is  always  com- 
posed of  sulphur  and  oxygen,  in  the  ratio  of  16.1  parts*  of  the 
former  to  24  of  the  latter :  no  other  elements  can  form  it,  nor 
can  it  be  produced  by  its  own  elements  in  any  other  propor- 
tion. Water,  in  like  manner,  is  formed  of  1  part  of  hydrogen 
and  8  of  oxygen ;  and  were  these  two  elements  to  unite  in  any 
other  proportion,  some  new  compound,  different  from  water, 
would  be  the  product.  The  same  observation  applies  to  all 
other  substances,  however  complicated,  and  at  whatever  period 
they  were  produced.  This  law,  in  fact,  is  universal  and  per- 
manent. Its  importance  is  equally  manifest :  it  is  the  essential 
basis  of  chemistry,  without  which  the  science  itself  could  have 
no  existence. 

2.  If  the  numbers  be  determined  which  express  the  quantities 
of  various  substances,  as  B,  C,  />,  ^c,  required  to  combine  singly 
with  a  given  quantity  of  another  substance  A,  then  these  same 
numbers,  or  multiples  of  them,  wiU  also  express  the  proportions 
in  which  any  two  vnU  combine  with  each  other,  as  B-\-  C,  C-f-  D, 
B^  D,  #-c. 

Thus,  16.1  parts  of  sulphur,  35.42  of  chlorine,  39.6  of  selenium, 
103  of  silver,  and  1  of  hydrogen,  are  severally  capable  of  com- 
bining with  8  parts  of  oxygen;  and  it  is  found  that  when  they 
combine  with  one  another,  they  always  unite  either  in  the  pro- 
portions expressed  by  those  numbers,  or  multiples  of  them. 

Numerous  other  similar  instances  might  be  given,  as  the  law 
is  universal. 

329.  It  will  readily  be  observed  that  the  numbers  used  merely 
express  the  relative  quantities  of  the  substances  they  represent, 
that  combine  together;  it  is  therefore  in  itself  immaterial  what 
figures  are  employed  to  express  them.  The  only  essential 
point  is,  that  the  relation  should  be  strictly  observed.  Thus, 
the  equivalent  of  hydrogen  may  be  assumed  as  10;  but  then 
oxygen  must  be  80,  carbon  61.2,  and  sulphur  161.  Thomson 
makes  oxygen  1,  so  that  hydrogen  is  eight  times  less  than 
unity,  or  0.125,  carbon  0.76,  and  sulphur  2.  Wollaston  esti- 
mated oxygen  at  10;  and  hence  hydrogen  is  1.25,  carbon  7,6, 
and  so  on.  According  to  Berzelius,  oxygen  is  100.  And  lastly, 
several  other  chemists,  as  Dalton,  Davy,  Henry,  Turner,  and 
others,  selected  hydrogen  as  their. unit;  and,  therefore,  the 
equivalent  of  oxygen  is  8.  One  of  these  series  may  easily  be 
reduced  to  either  of  the  others  by  an  obvious  and  simple  cal- 

»  Parts  by  weight  are  always  intended  unless  it  is  otherwise  expressed. 


ISO  MANUAL    OF    CHEMISTRY.  < 

culation.  The  numbers  adopted  in  this  work  refer  to  hydrogen    « 
as  unity. 

There  seems  to  be  particular  propriety  in  making  the  equiva- 
lent of  hydrogen  unity,  since  it  is  much  smaller  than  tho 
equivalent  of  any  other  known  substance.  ■'- 

330.  Having  agreed  upon  the  basis  of  our  system  of  numbara  ' 
for  this  purpose,  it  will  be  perceived  that  the  number  whkA 
represents  the  lowest  combining  proportion  of  any  substance  \ 
must  always  be  the  same,  whatever  may  be  the  other  sub*  [ 
stance  with  which  it  is  made  to  imite.  This  number  is  enr 
pressed  by  the  terms  combining  proportional,  or  equivalent,  . 
Thus  the  equivalent  of  hydrogen  being  1 ,  that  of  oxygen  will  ' 
be  8,  sulphur  16.1,  carbon  6.1?  chlorine  35.42,  silver  108.,  &c. 

At  page  136  will  be  found  a  table  of  the  equivalents  of  the 
elementary  substances. 

This  law  does  not  apply  to  elementary  substances  only, 
since  compound  bodies  have  their  combining  proportionals  or 
equivalents,  which  may  likewise  be  expressed  in  numbers. 
Thus,  since  water  is  composed  of  one  equivalent  or  8  parts  of 
oxygen,  and  1  equivalent  or  1  of  hydrogen,  its  combining  pro- 
portion or  equivalent  is  9.  The  equivalent  of  sulphuric  acid  is 
40.1,  because  it  is  a  compound  of  one  equivalent  or  16.1  parts  of 
sulphur,  and  three  equivalents  or  24  parts  of  oxygen ;  and  in 
like  manner,  the  combining  proportion  of  hydrochloric  acid  is 
36.42,  because  it  is  a  compound  of  one  equivalent  or  35.42  parts 
of  chlorine,  and  one  equivalent  or  1  part  of  hydrogen.  The 
equivalent  number  of  potassium  is  39.15,  and  as  that  quantity 
combines  with  8  of  oxygen  to  form  potassa,  the  equivalent  ot 
the  latter  is  39.15-1-8=47.15.  Now  when  these  compounds 
unite,  one  equivalent  of  the  one  combines  with  one,  two,  three, 
or  more  equivalents  of  the  other,  precisely  as  the  simple  sub- 
stances do.  The  hydrate  of  potassa,  for  example,  is  constituted 
of  47.15  parts  of  potassa  and  9  of  water,  and  its  equivalent  is 
consequently  47. 1 5-f-  9=56. 15.  The  sulphate  of  potassa  is  com- 
posed of  40.1  sulphuric  acid  -|- 47. 15 potassa;  and  the  nitrate  of 
the  same  alkali  of  54. 1 5  nitric  acid  -|-  47. 1 5  of  potassa.  The  equiva- 
lent of  the  former  salt  is,  therefore,  87.25,  and  of  the  latter  101  3. 

The  composition  of  the  salts  affords  a  very  instructive  illus- 
tration of  this  subject ;  and  to  exemplify  it  still  farther,  a  list 
of  the  equivalents  of  a  few  acids  and  alkaline  bases  is  an- 
nexed : — 


Hydrofluoric  acid...  19.68 

Phosphoric  acid 71.41 

Hydrochloric  acid...  36.42 

Sulphuric  acid 40  1 

Nitric  acid 54.15 


Lime 28.5 

Soda 31.3 

Potassa 47.15 

Strontia 51.8 

Baryta 76.7 

331.  It  will  be  seen  at  a  glance  that  the  neutralizingr  power  of  the  dif- 
ierent  alkalies  is  very  different;  for  the  equivalent  of  each  base  expresses 
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the  qaHnlity  requirad  to  nentroliie  an  equiralentoreach  of  the  acida.  Thoa 
31.3  of  Boda,  and  76.T  oTbiiT^ta,  combine  with  54.15  of  nitric  aEid,  fonning 
the  noiltral  nitrates  of  soda  and  barjtiL.  The  aainc  Oiat  is  obvious  nilli 
respect  to  Iho  acids;  tor  71.4  of  phoaphoric,  40.1  of  sulphuric,  unita  nilh 
7G.7  of  baryta,  rorming  a  neutral  phogphHle,  and  sulphate,  of  baryta. 

From  this  luw  it  fallDivB  [as  sUled  by  Olmsted,  Sit.  Jour.  xii.  1.)  that  Ili» 
respective  quantities  of  luy  alkaline,  CHTthy  or  nielallie  bass,  required  to' 
satuiate  a  given  quantity  of  any  acid,  are  always  in  llie  same  ratio  to  each 
,  oUicr,  to  what  acid  soever  they  may  be  applied;  and.  ai  the  converse  of 
this,  Uiat  Ihe  respective  quantities  of  any  acids,  required  to  salurato  a  given 
quBQlilj  of  any  base,  are  always  in  the  same  ratio  to  each  other,  to  what 
lose  soever  Uioy  may  be  applied.  It  is  hence  evident,  as  was  early  noticed 
by  chembta.  and  considered  a  curious  fact,  tliat  when  two  neutral  salts 
muluslly  dticooipose  each  oilier,  the  resulting  salts  must  also  necessarily  be 
'  neulrai- 

3.  ff  a  Bubslance,  A,  w  capable  of'  combining  in  several  dif- 
ferent proportiong  viilk  another  si^tanci,  S,  Ihe  eeeeral  guan- 
I  titiea  of  B,  which,  in  the  different  compound*,  unite  with  the 
I  aante  quantity  of  A,  bear  to  each  other  very  simpie  ratioa,  that 
I  utuaily  may  be  ra^reaented  by  Ihe  numbers  1,  2,  3,  4,  5,  itc,  or 
'  i.  11.  S.  2j,  3,  si,  4-c. 

I  332.  In  the  first  case  it  will  be  observed  the  second,  third, 
I  4.C-  quantities,  are  multiples  of  tiie  first,  but  in  the  second,  of 
I  one-haJf  of  the  first,  for  the  numbers  I,  1^  2,  2  j,  &c.,  are  of 
I  course  in  the  same  ratio  as  the  numbers  2,  3,  4,  5,  G,  &.c. 

The  compounds  of  nitrogen  and  oxygen  fui'nish  examples 
)  of  combination  in  which  (he  several  quantities  of  oxygen  are 
,  to  each  other  in  the  ratio  indicated  by  the  first  series  of  num- 
(  bars  above  given.    Thus, 
Nitrons  oside  contains  Nitrogen..  14.15..  Oxygen,.,.    SI  1 

I  Nitric  oxide do.      ..14.15..       do 16    2 

Hyponitrous  acid do,      . .  14.15. .       do.     24  V3 

'  NitroBs  acid do.      ..14,15..       do 32    4 

_Nitric  acid do.      .,  14.15..       do.     ....  40j  5 

In  the  compounds  of  mongonese  and  oxygen,  the  several  ijusntilies  of 
'  oxygen  united  with  (he  same  quantity  ef  manganese,  are  in  the  ratio  of  the 
I  MCMid  series  ornumbera.     Tlius, 

Prolox.  of  Msjiganese  contains  Manganese  ST,7 Oxygen     81  1 

Besquioiide do.         37.7...      do.       12     14 

PBTOiide do.         37.7....      do.       16  ^a 

Manganic  acid do.         37.7....      do.       S4     3 

Perman^nic  acid do.         S7.7....      do.       2Sj  3h 

In  this  series  of  compounds,  ono  place,  it  will  be  observed,  ia  wanting 
between  the  peroxide  and  manganic  acid ;  and  it  may  beraaller  bo  filled  by 
furthHr  leeearch ,     In  all   these  cases  combination  takes  place  between  1 

Suivalent  of  the  first  substance  and  1,  3,  3,  4,  &.C,  eq.  of  the  second,  or  9 
the  lirsl,  to  3,  5,  7,  &c.,  of  the  seeond.  Still  more  complex  arrangements 
may,  of  course,  bo  conctived,  sach  as  3  equivalents  of  one  substanae,  to  4, 
S,  &,c,  of  anol)ier:  but  ibaugli  Ihirareticaliy  possible,  the  e;iiBteDce  of  suob 
compounds  has  not  been  ducidedly  eslablislied. 


5.J3 
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This  law  of  multiple  proportions  applies  also  to  compound  bodies  of  every    •, 
class.    Thus,  the  tlireo  compounds  of  chromic  acid  and  potassa  are  com- 
posed as  follows : — 

Chromate  of  Potassa  contains  Potassa  47.15  Chromic  Acid   52.' 

Bichromate      do do.       47.15.       do.  104. 

Terchromate  do da      47.15  do.  156. 

4.  The  gases  unite  by  volume  in  very  simple  ratios^  usuaUyoM  r_ 
Wo  1,  1  ^o  2,  or  1  ^0  3,  2  to  3,  tStc,    When  condensation  accom-  - 
panies  chemical  action,  as  is  often  the  case  with  the  gases,  the 
diminution  of  bulk  is  also  in  a  simple  ratio. 

Sufficient  illustration  of  this  law  will  be  found  in  the  follow- 
ing table.  In  the  first  three  examples  no  condensation  takes 
place,  as  does  in  the  others. 

Volumes  of  Elements,  Resulting  Compounds, 

100  Chlorine +  100  Hydrogen  yield  200  Hydrochloric 

acid. 

100  Cyanogen +  100  Hydrogen     "    200  Hydrocyanic 

acid. 

100  Oxygen +  100  Nitrogen       "     200  Binoxide    of 

Nitrogen. 

100  Nitrogen +300  Hydrogen     "     200  Ammonia. 

60  Oxygen + 1 00  Hydrogen     «*     1 00  Water. 

100  Vapor  of  Sulphur . + 600  Hydrogen     «     600       Hydrosul- 

phuric  acid. 

333.  The  utility  of  bein^  acquainted  with  the  preceding  important  laws 
is  almost  too  manifest  to  require  mention.  Through  their  aid,  and  by  re- 
membering the  equivalents  of  a  few  elementary  substances,  the  composition 
of  an  extensive  range  of  compound  bodies  may  be  calculated  with  facility. 
Thus,  by  knowing  that  6.12  is  the  equivalent  of  carbon,  and  8  of  oxygen,  it 
is  easy  to  recollect  the  composition  of  carbonic  oxide  and  carbonic  acid ; 
the  first  consisting  of  6.12  parts  of  carbon  +  8  of  oxygen,  and  the  second 
of  6.12  carbon  +  16  of  oxygen.  The  equivalent  of  potassium  is  39.15; 
and  potassa,  its  protoxide,  is  composed  of  39.15  of  potassium  +  8  of  oxygen. 
From  these  few  data,  we  know  at  once  the  composition  of  carbonate  and 
bicarbonate  of  potassa ;  the  former  being  composed  of  22.12  parts  of  car- 
bonic acid  +  47.15  potassa,  and  the  latter  of  44.24  carbonic  acid  +  47.15 
potassa. 

From  the  same  data,  calculations,  which  would  otherwise  be  difficult  or 
tedious,  may  be  made  rapidly  and  with  ease,  without  reference  to  books, 
end  frequently  by  a  simple  mental  process.  The  exact  quantities  of  sub- 
stances required  to  produce  a  given  effect  may  be  determined  with  certainty, 
thus  affording  information  which  is  often  necessary  to  the  success  of  chemi- 
cal processes,  and  of  great  consequence,  both  in  the  practice  of  the  chemical 
arts,  and  in  the  operations  of  pharmacy. 

334.  The  same  knowledge  affords  a  good  test  to  the  analyst  by  w^hich 
he  may  judge  of  the  accuracy  of  his  results,  and  even  sometimes  correct  an 
analysis  which  he  has  not  the  means  of  performing  with  rigid  precision. 
Thus  a  powerful  argument  for  the  accuracy  of  an  analysis  is  derived  from 
the  correspondence  of  its  result  with  the  laws  of  chemical  union.  On  the 
contrary,  if  it  form  an  exception  to  them,  we  are  authorized  to  regard  it  ai 


dogblful  {  and  tna;  lience  be  led  to  detect  an  error,  the  eiiitcni^  of  ' 
miglit  nuL  othBrwiite  liaie  licen  sa&peclcd.  If  an  oiydiTed  body  be  fui 
cuutsin  one  equivalent  of  the  coinliuMlible  willi  7.tl:i  of  uxygun,  it  is  I 
infer  thgt  8,  or  oae  equivalent  of  oxygen,  would  lisie  been  Iho  reaul 
the  analysis  been  perlccL 

335.  The  niernl  instrnmcnl.  known  by  Die  name  o{  the  Scale  0/ 
Chrmieat  J^fuiDaJenU,  was  originally  devined  by  WolloBtun,  and  Is  a  table 
of  equivulenls.  com  prebend  in  g  atl  lliose  Rubat^nccs  nliicli  arc  moat  frb 
qaeatly  empluyed  by  cbcmitdE  in  tlie  laboratory  i  and  it  only  dillers  rrmn 
other  tabular  airangementa  of  the  same  kind,  in  the  numberi  being  atlacbed 
to  a  sliding  rule,  which  ia  divided  according  to  the  principle  of  Uisl  of 
Gunler.  From  the  matbenialical  consliucllDn  of  the  acate,  it  not  only  aerve* 
the  same  parpuso  aa  other  tables  of  equivalents,  bat  in  many  InBtancei 
■npersedm  the  neceagily  of  Balculalion.  Thua,  by  inspecting  the  commiin 
table  of  equivulenUi  wg  learn  that  B7  parte,  omitting  the  rractlon,  or  ono 
equivalent  of  sulphate  ofpotasaa,  contain  40  parts  of  aulphuric  acid  and  47 
of  potOHsa  :  but  rocouiBs  muat  bo  bad  to  calculation,  when  it  ia  wiabcd  to 
deteiinine  the  quantity  of  acid  or  alkali  in  any  other  quantity  of  the  ealL 
This  knowledge,  on  the  contrary,  ia  obtained  directly  by  means  of  the  scale 
of  chemical  equivalents.  For  ciamplc,  on  pushing  up  the  slide  until  100 
marked  upon  it  is  in  a  line  with  the  name  sulphate  01  potaaaa  on  the  (i:ied 
part  of  the  scale,  the  nnmbars  oppoailc  to  the  terms  sulphuric  acid  and 
potaraa  will  give  the  prcciaa  quantity  nf  each  contained  in  100  parts  of  the 
compound-  )n  the  original  scale  of  Dr,  Wnllaaton,  oxygen  is  taken  aa  the 
■tandard  of  comparison,  hut  hydrogen  may  with  equal  propriety  bo  seleotod 
fcr  this  purprjBej  and  ecalea  of  tliia  kind  have  been  eouslrueted  by  Dr.  I. 
C  Beck  of  New  York,  and  Prof  Uenry  of  Frincelon,  New  JtTScy,  lliea 
aswwiated  together. 


336.  The  preceding  luws  of  coinbinution  rest  upon  the  i 
of  (acts  which  have  been  willed  by  numerous  aecumle  and 
nunta;  and  indeed,  the  laws  tlieniselves,  as  they  are  culled,  are  nniy 
muDcialione  of  these  lada.  The  atomic  theory  was  proponed  by  Dallon 
ducoveror  oftlie  preceding  lawe,  to  account  for  these  facta. 
Two  opposite  opinions  have  loni  existed  concerning  the  v 
of  matter.  It  ia  supposed,  accoraing  to  one  parly,  thai  evury  particle  of 
matter,  however  small,  may  be  divided  into  smaller  portions,  provided  our 
instrumenls  and  organs  were  ndupted  to  the  operation.  Their  npponontfl 
contend,  on  the  other  hand,  that  mallei  is  eoni posed  of  certain  ultimate  par- 
ticles or  molecules,  which  hy  their  nature  are  indivisible,  an<' 
termed  atuim  (from  »,  not,  and  Tc/iriir,  to  cut.)  Theso  oppos 
baTB  from  time  to  lime  been  keenly  contested,  and  with  varia 
according  tu  the  aculeneas  and  ingenuity  of  ibeir  respective 
Bnt  it  was  at  last  perceived  that  no  positive  data  exialed  capable 
tbe  qnestion,  and  ila  iateiest,  therefore,  gradually  declined.    The  progc 

of  modern  chemietry  has  revived  llie  general  attention  to  Ihi ~ 

by  aSbrding  a  far  stronger  argument  in  favor  of  the  atomic  c 
—^  —  ■  than  wiB  ever  advanced  before,  and  one  which  ia  almr 
,  to  assume  with  Djiton,  that  all  bodisa 
:  weight  of  which  ia  difTeront  in  dlHe 
1  we  explain  kt  onoe  tho  forcgomg  lawa  of  ohemicgi  oovoti', 
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this  mode  of  reasoning  is  in  the  present  case  almost  decisive,  because  the 
phenomena  do  not  appear  explicable  on  any  other  supposition. 

337.  According  to  the  atomic  theory,  every  compound  is  formed  of  the 
atoms  of  its  constituents.  An  atom  of  A  may  unite  with  one,  two,  three,  or 
more  atoms  of  B.  Thus,  supposing  water  to  be  composed  of  one  atom  of 
hydrogen  and  one  atom  of  oxygen,  binoxide  of  hydrogen  will  consist  of  ono 
atom  of  hydrogen  and  two  atoms  of  oxygen.  If  carbonic  oxide  is  formed 
of  one  atom  of  carbon  and  one  atom  of  oxygen,  carbonic  acid  will  consist 
of  one  atom  of  carbon  and  two  atoms  of  oxygen. 

If,  in  tlie  compounds  of  nitrogen  and  oxygen  enumerated  above  (332),  the 
first  or  protoxide  consist  of  one  atom  of  nitrogen  and  one  atom  of  oxygen, 
the  four  others  will  be  regarded  as  compounds  of  one  atom  of  nitrogen  to 
two,  three,  four,  and  five  atoms  of  oxygen.  From  these  instances  it  will 
appear  that  the  law  of  multiple  proportions  is  a  necessary  consequence  of 
the  atomic  theory.  There  is  also  no  apparent  reason  why  two  or  more 
atoms  of  one  substance  may  not  combine  with  two,  three,  four,  five,  or  more 
atoms  of  another ;  but,  on  the  contrary,  these  arrangements  are  necessary 
in  explanation  of  the  not  unfi-equcnt  occurrence  of  half  equivalents,  as  for- 
merly stated.  Such  combinations  will  also  account  for  the  complicated  pro- 
portion noticed  in  certain  compounds,  es])ecially  in  many  of  those  belonging 
to  the  animal  and  vegetable  kingdoms. 

338.  In  consequence  of  the  satisfactory  explanation  which  the  laws  of 
chemical  union  receive  by  means  of  the  atomic  theory,  it  has  become  cus- 
tomary to  employ  the  term  atom  in  the  same  sense  as  combining  proportion 
or  equivalent  For  example,  instead  of  describing  water  as  a  compound  oC 
one  equivalent  of  oxygen  and  one  equivalent  of  hydrogen,  it  is  said  to  con- 
sist of  one  atom  of  each  element.  In  like  manner,  sulphate  of  potassa  is 
said  to  be  formed  of  one  atom  of  sulphuric  acid  and  one  atom  of  potassa ; 
the  word  in  this  case  denoting,  as  it  were,  a  compound  atom,  that  is,  the 
smallest  integral  particle  of  the  acid  or  alkali, — a  particle  which  does  not 
admit  of  being  divided,  except  by  the  separation  of  its  elementary  or  con- 
stituent atoms.  The  numbers  expressing  the  proportions  in  which  bodies 
unite  must  likewise  indicate,  consistently  with  this  view,  the  relative  weight 
of  atoms ;  and  accordingly,  these  numbers  are  oflen  called  atomic  weights. 
Thus,  as  water  is  composed  of  8  parts  of  oxygen  and  1  of  hydrogen,  it  fol- 
lows, on  the  supposition  of  water  consisting  of  one  atom  of  each  element, 
that  an  atom  of  oxygen  must  be  eight  times  as  heavy  as  an  atom  of  hy- 
drogen. If  carbonic  oxide  be  formed  of  an  atom  of  carbon  and  an  atom  of 
oxygen,  the  relative  weight  of  their  atoms  is  as  6.13  to  8 ;  and,  in  short,  the 
chemical  equivalents  of  all  bodies  may  be  considered  as  expressing  the 
relative  weights  of  their  atoms. 

The  foregoing  argument  in  favor  of  the  atomic  constitution  of  matter, 
though  in  itself  strong,  derives  much  support  from  other  considerations 
connected  with  crystalization,  which,  however,  are  too  theoretical  to  be  here 
introduced. 

If  this  theory  is  considered  as  resting  on  a  sufficient  foundation,  the  ap- 
propriateness of  the  terms  binary,  ternary,  quaternary,  dec,  applied  to  com- 
pounds composed  of  two,  three,  &c.,  atoms,  by  Dalton,  will  be  at  once 
evident 

CHEMICAL     SYMBOLS. 

339.  The  impracticability  in  many  cases  of  contriving  con- 

venient  names  expressive  of  the  constttution  of  chemical  com- 
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pounds,  especially  of  minerals,  suggested  the  employment  of 
symbols  as  an  abbreviated  mode  of  denoting  the  composition 
of  bodies.  A  set  of  symbols  was,  therefore,  some  time  ago  pro- 
posed by  Berzelius,  which  has  been  almost  universally  adopted; 
and  cannot  be  omitted  even  in  an  elementary  work.  Com- 
bined according  to  rules  agreed  upon  to  express  the  various 
chemical  relations  of  the  substances  they  represent,  they  con- 
stitute Chemical  Pormulce. 

310.  The  initials  of  the  Latin  names  of  the  simple  substance 
are  adopted  for  their  symbols,  but  as  several  substances  have 
the  same  initials,  the  distinction  is  made  by  means  of  an  addi- 
tional letter.  Thus  B  stands  for  boron ;  Ba,  barium ;  Bi,  bis- 
muth ;  C  for  carbon ;  Cu  (from  cuprum)  for  copper,  &c.  On 
the  next  page  will  be  found  a  table  representing  the  symbols 
of  all  known  simple  substances,  with  their  atomic  weights. 

These  symbols  indicate  a  single  equivalent  of  the  substances 
they  respectively  represent ;  and  to  indicate  two,  three,  or  more 
equivalents,  a  figure  is  placed  a  little  below  the  symbol  at  the 
right.  For  instance,  S  signifies  a  single  eq.  of  sulphur.  So,  S3, 
&C.,  two,  three,  &c.,  eq.,  and  O4,  C„  four  eq.  of  oxygen^  five 
eq.  of  carbon,  &c.  Two  or  more  symbols  placed  side  by  side 
imply  that  the  substances  they  represent  are  combined;  as 
S,  O3,  which  is  the  symbol  for  hyposulphuric  acid,  and  indi- 
cates that  2  eq.  of  sulphur  and  5  of  oxygen  are  combined  to 
form  an  equivalent  of  this  compound.  To  represent  several 
equivalents  of  a  compound,  a  figure  is  placed  at  the  left,  which 
affects  all  the  letters  coming  after  it  to  the  first  stop  or  sign  of 
addition.  Thus  2S,05  signifies  two  equivalents  of  hyposul- 
phuric acid.  So  H6C4O3  is  the  symbol  for  an  eq.  of  alcohol, 
and  3H6C40_,  for  3  eq.  of  this  substance. 

A  comma  placed  between  two  symbols,  signifies  that  they 
are  combined,  and  is  much  used  in  the  symbols  of  complex 
compounds.  Thus,  NO,  is  the  symbol  for  nitric  acid,  and  KO 
that  for  potassa,  while  NO5,  KO  signifies  an  eq.  of  nitrate  of 
potassa.  When  two  salts  or  other  very  complex  compounds 
are  combined,  the  sign  -|-  is  often  used.  Thus,  KO,  SO^  is  the 
symbol  for  sulphate  of  potassa,  and  HO,  SO;,,  that  for  common 
hydrated  sulphuric  acid;  and  KO, SOr,4-H6,  SO.^  signifies  the 
compound  formed  by  the  union  of  the  two.  But,  generally, 
this  sign  is  used  only  in  cases  where  an  inferior  degree  of 
affinity  prevails,  or  where  substances  are  only  in  a  state  of 
mixture. 

341.  The  above  explanation  of  the  use  of  these  symbols  is  in  accordanoe 
rith  the  most  approved  usage  at  the  present  time,  but  in  many  authors 
Flight  modifications  of  it  are  employed.  From  the  frequent  occurrence  of  a 
di)uble  atf>m,  a  symbol  has  been  adopted  to  designate  it»  which  consists 
pimply  in  drawing"  a  dash  across  or  under  the  symbol  of  the  substance. 
Thus  U  or  H  signifies  2H,  and  P  or  P  signifies  2P. 

So  cliemical  formulm  are  aometimes  simplified,  eBpecvuWy  VVvos^  fet  NCt'^ 
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Elements. 


Aluminum Al 

Antimony  (Stibium) . . . .  Sb 

Arsenic As 

Barium Ba 

Biflmuth Bi 

Boron B 

Bromine Br 

Cadmium Cd 

Calcium Ca 

Carbon C 

Cerium Ce 

Chlorine CI 

Chromium Cr 

Cobalt Co 

Columbium  (Tantalum). Ta 

Copper  (Cuprum) Cu 

Fluorine F 

Glucinum ...6 

Gold  ( Aurum) « .  Au 

Hydrogen H 

Iodine I 

Iridium Ir 

Iron  (Fcrrum) Fe 

Lanthanum La 

Lead  (Plumbum) Pb 

Lithium L 

Magnesium Mg 

Manganese Hn 


Si/mhols,  Equiv. 


complex  compounds,  by  denoting  degrees  of  ozydizemcnt  by  dots  placed 
over  the  symbob  of  Uie  elementary  substances.    Thus,  the  symbols  £ot 

potossa,  lime,  and  baryta,  become  K,  Ca,  and  Ba;  and  that  for  nitrate  of 

••  •• 

•  • ••  •    ••« 

potissa  K-f-N  or  KN.  Inverted  commas  placed  in  a  similar  manner  over  the 
symbols  of  Uic  elementary  substances,  indicate  sulphurets  of  those  elements. 

Certain  coiiipoundH,  for  the  sake  of  brevity,  are  often  denoted  by  single 
symbols,  in  the  same  manner  as  tlie  elements ;  thus  an  equivalent  of  water, 
animoniii,  and  cyanogen,  are  sometimes  expressed  Aq ,  and  Am.,  and  Cy. 

A  very  great  advantage  d^ived  from  the  use  of  these  symbols,  is  the 
facility  they  afford  in  comprehending  chemical  changes,  numerous  instances 
of  which  will  occur  in  the  progress  of  this  work.  We  will  refer  now  only 
to  the  instance  of  double  decomposition  on  page  121,  of  carbonate  of  am- 
monia an4  hydrochlorate  of  lime.  Thus,  NH^,  CO^,  by  interchange  of 
elemcnto  with  CuO,  HCl,  will  produce  CaO,002,  and  NH^,  HCl,  by  which 
we  perceive,  at  a  single  glance  of  the  eye,  that  the  elements  in  both  cases 
are  the  same,  as  well  as  the  manner  in  which  they  were  combined,  both 
before  and  after  mutual  decomposition. 

The  following  table  exhibits  the  symbols  of  all  known  simple  substances 
and  their  equivalents.  The  number  of  simple  substances,  called  so  because 
they  have  not  been  decomposed,  is  fifly-fivc,  forty-two  of  which  are  metals. 

Table  of  Chemical  Symbols  and  Equivalents  of  Elementary  Substances, 

Elements.  Symbols.  Eqniv, 

Mercury  (Hydrargyrum)  Hg  202. 

Molybdenum Mo  47.7 

Nickel Ni  29.5 

Nitrogen N  14.15 

Osmium .Os  99.7 

Oxygen O  8. 

PaUadium Pd  53.3 

Phosphorus P  15.7 

Platinum Pt  98.8 

Potassium  (Kalium) . . . .  K  39.15 

Rhodium R  52.2 

Selenium Se  39.6 

Silicon .....Si  22.5 

Silver  ( Argcntum) Ag  108. 

Sodium  (Natriun) Na  23.3 

Strontium Sr  43.8 

Sulphur S  16.1 

Tellurium Te  64.2 

Thorium Th  59.6 

Tin  (Stannum) Sn  57.9 

Titanium Ti  24.3 

Tungsten  (Wolfram) . . . .  W  99.7 

Vanadium ; V  68.5 

Uranium U  217. 

Yttrium Y  32.2 

Zinc Zn  32.3 

Zirconium Zr  33.7 


13.7 

64.6 

37.7 

68.7 

71 

10.9 

78.4 

55.8 

20.5 

6.12 
46. 
35.42 
28.     . 
29.5 

185. 
31.6 
1868 
26.5 

199.2 
1. 

126.3 
98.8 
28. 

103.6 

6.4 

12.7 

27.7 
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Some  English  writers,  and  Hare,  in  this  country,  have  adopted  Fo  and 
So,  instead  of  K  and  Na,  as  the  symbols  of  potassium  and  sodium. 

342.  Isomeric  Bodies. — ^Tiiis  term  has  been  applied  to  those  bodies  which 
are  composed  of  the  same  elements  united  in  the  same  proportion,  but  are 
possessed  of  distinct  properties.  The  term  is  derived  from  tcosj  eqwU,  and 
liffos,  part^  in  allusion  to  the  equality  of  their  ingredients. 

343.  Though  bodies  of  this  class  have  the  same  ultimate  composition,  in 
all  their  chemical  relations  they  may  differ  as  widely  as  substances  which 
have  not  a  single  element  in  common.  Generally,  their  equivalents  are 
dififerent  Thus,  defiant  gas  is  composed  of  a  single  equivalent  of  carbon 
and  hydrogen,  and  paraffine,  when  analyzed,  is  found  to  contain  these  ele- 
ments united  in  the  same  ratio.  The  former  is  distinguished  for  the  variety 
of  its  reactions  with  other  substances,  while  the  latter,  which  is  solid,  is  not 
acted  upon  by  the  strongest  acids.  The  equivalent  of  defiant  gas  is  14i24, 
but  that  of  paraffine  is  not  known. 

344.  The  discovery  of  isomerism  was  quite  unexpected,  but  it  is  entirely 
consistent  with  the  usual  theories  of  chemical  union.  Thus,  sulphuric  acid 
is  a  compound  of  one  equivalent  of  sulphur,  and  three  eq.  of  oxygen,  but 
these  ingredients  may  be  combined  as  SO^,  SO 4. CM,  SO^^-O:  or,  in 
other  words,  there  may  be  three  substances,  composed  of  these  elements, 
united  in  the  same  ratio. 


SECTION  IV. 
CRYSTAL  OORAPHY. 

345.  The  particles  ofliquid  and  gaseous  bodies,  as  they  unite 
to  form  solids,  sometimes  cohere  together  in  an  indiscriminate 
manner,  and  give  rise  to  irregular,  shapeless  masses ;  but  more 
frequently  they  attach  themselves  to  each  other  in  a  certain 
order,  so  as  to  constitute  solids  possessed  of  a  regularly  limited 
fornL  The  process  by  which  such  a  body  is  produced  is  called 
crystalization ;  the  solid  itself  is  termed  a  crystal;  and  the 
science,  the  object  of  which  is  to  determine  and  classify  the 
forms  of  crystals,  is  crystalography, 

346.  Most  substances  crystalize  under  favorable  circum- 
stances. The  condition  by  which  the  process  is  peculiarly 
fevored  is  the  slow  and  gradual  change  of  a  fluid  into  a  solid, 
the  arrangement  of  the  particles  being  at  the  same  time  undis- 
turbed by  motion.  This  is  exemplified  during  the  slow  cooling 
of  a  fused  mass  of  sulphur  or  bismuth,  or  the  spontaneous 
evaporation  of  a  saline  solution ;  and  the  origin  of  the  numer- 
ous crystals,  which  are  found  in  the  mineral  kingdom,  may  be  . 
ascribed  to  the  influence  of  the  same  cause. 

347.  All  substances  are  limited  in  the  number  of  their  crys- 
taline  forms.  Thus,  calcareous  spar  crystalizes  in  rhombohe- 
drons,  fluor  spar  in  cubes,  and  quartz  in  six-sided  pyramids ; 
and  these  forms  are  so  far  peculiar  to  those  substanc^^^  \XvaX 

12* 
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fluor  spar  never  crystalizes  in  rhombohedrons  or  six-sided 
pyramids,  nor  calcareous  spar  or  quartz  in  cubes.  Crystaline 
form  may,  therefore,  serve  as  a  ground  of  distinction  between 
different  substances.  It  is  accordingly  employed  by  mineralo- 
eists  for  distinguishing  one  mineral  species  from  another;  and 
ft  is  very  serviceable  to  the  chemist,  being  an  important  physi- 
cal  character  of  many  substances. 

34a  Tlie  cryslnUiation  of  BubsUncei  may  be  effected  by  several  pro. 
ceBses.  If  the  aubalance  ie  more  soluble  a(  high  Ihan  at  lav  temperatures, 
by  making  a  saturated  boilln|r  Bolution,  and  alluwing  it  to  cool  sIohIj,  s 
purtioD  of  crystals  will  be  obtained ;  if  it  is  eijually  soluble  at  all  tempera- 
tures, the  same  cfTecl  will  be  produced  by  tlie  bIdw  eTSparalion  of  tlie  Eol. 
vent  Insoluble  substances  may  often  be  crystalized  by  xlow  cooling  from 
fusion.  Thus,  ifa  quantity  of  Bulphur  ia  melted  and  allowed  to  cool  slowly, 
FJi.  SO.  vpoa  breaking  the  cruet  and  pouring  out  alt  that  re- 

mains liquid,  a  mass  of  crystals  wilt  be  found  wilhia, 
J,  shooting  in  every  direction,  as  represented  in  fig.  SO. 
The  cryslalization  of  many  substances,  as  sulphur, 
corrosive  sablimate,  iodine,  &.C.,  may  also  be  produced 
1 1  by  soblimntlor. 

9.  Even  in  solids,  crystal ization  sometimes  takes 
I.  Copper  wire  which  has  been  long  kepi  is  said 
lo  lose  its  tenacity  in  conscqQcnce  of  cubic  crjs- 
)Fthe  metal  gradually  forming  in  it.  When  sugar 
il  melted  and  allowed  to  cool,  it  forms  a  hard,  Iranspareot  mass;  but  by 
keeping  soma  time  it  gradually  becomes  opaijue,  and  exhibits  the  ordinary 
white  color  and  crystaline  structure  of  refined  sugar.  Common  "  lemon 
candy,"  ivbich  is  usually  sold  in  small  ftal  pieces,  an  inch  wide  and  lour 
inches  long,  is  beautifully  transparent  when  first  formed  ;  but  after  a  tew 
hours  crystiilization  commences  in  numerous  points,  and  gradually  extendi 
through  the  mass,  which  now  becomes  opaque;  and  at  the  same  time  ila 
flavor  is  much  improvcd- 

350.  Many  substances  in  crystaliiing  absorb  a  large  quantity  of  water, 
called  their  toa(er  of  cryitalizalioa,  which  is  essential  lo  the  eiislence  of 
the  crystals.  Il  somelimes  amounts  to  half  their  weight  When  ejrposed 
to  the  air,  the  water  often  evspornteB  and  the  crystals  fall  to  powder.  They 
■re  then  said  to  foresee.     Glauber's  salt  is  a  uotad  instance  of  this. 

351.  In  describing  crystals  we  have  frequent  occasions  to 
speak  of  the  faces,  edges,  and  solid  and  plane  angtea.  The  faces 
are  the  planes  which  terminate  the  solid  in  every  direction ; 
and  the  union  or  junction  of  any  two  of  them  forms  an  edge 
A  plane  angle  is  formed  in  a  plane  by  the  meeting  of  two  lines, 
but  a  solid  angle  is  formed  by  the  meeting  of  three  or  more 
plane  angles. 

Lines  connecting  similar  parts  of  crystals  diagonally  opposite 
are  called  as:ea.  Usually,  these  axes  connect  opposite  solid 
angles  or  the  centres  of  opposite  faces,  but  sometimes  lines 
•jniting  the  middle  points  of  opposite  edges  are  so  termed. 

352.  The  forms.of  crystals  are  exceedincly  diversified,  and 
are  divided  into  primary  and  secondary.    This  distinction  is 
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founded  on  the  fact,  that  the  same  substance  frequently  assumes 
different  forms,  which,  however,  except  Incases  of  dimorphism, 
are  geometrically  allied  to  each  other,  and  may  all,  by  means 
hereafter  to  be  explained,  be  reduced  to  the  same. 

353.  PHmary  Form'. — The  number  of  primary  forms  is 
fifteen,  and  may  be  divided  into  three  classes  of  prisms,  ocro- 
HEoaoNS,  and  oodbcahbdbons.  The  prisms  are  all  four-sided 
but  one,  which  is  six-sided,  and  is  called  the  hexagonal  prism. 
The  four-sided  prisms  may  be  again  subdivided  into  the  right 
prUms,  the  lateral  edges  of  which  are  perpendicular  to  the  base, 
and  the  oblique  prisms,  the  lateral  edges  of  which  are  inclined 
to  the  base.     - 

1.  Right  Prismt. 

Base  a  square ;  lateral  planes  equal  to  basal Cube. 

Base  a  square ;  lateral  planes  not  equal  to 

basal Right  Square  Prism. 

Base  a  rectangle Rt.  Rectangle  Pr, 

Base  a  rhombus iW.  RhomUc  Pr. 

Base  a  rhomboid fi(.  Rhomboidal  Pr. 

2.  Oblique  Prisma. 
Base  a  rhombus;  lateral  planes  equal  to  basal,  Rhombohedron. 
Base  a  rhombus;  lateral  planes  not  equal  to 

basal Oh.  Rhombic  Prism. 

Base  a  rectangle Ob.  Rectangular  Pr. 

Base  a  rhomboid Ob.  Rhomboidal  Pr. 

There  are  four  octohedrons,  also  named  from  their  bases. 
The  octohedron  is  said  to  be  in  position  when  its  base,  with 
reference  to  which  it  is  named,  is  horizontal. 

Base  a  square;  laces  equilateral  triangles Regular  Oct. 

Base  a  square;  faces  isosceles  triangles Square  Oct. 

Base  a  rectangle Rectangular  Oct. 

Base  a  rhombus Rhombic  Oct. 

The  rhombic  dodecahedron  is  the  only  primary  solid  of  this 

The  following  table  from  Dana's  Mineralogy  exhibits,  in  a 
condensed  form,  the  relations  of  the  several  primary  forms : 

!e  six-sided Hexagonal  Prism. 

'      pate ral  planes  equal  to  basal Cube. 

I     lateral      rbase  a  square Rt.  Square  Pr. 

'  planes  notj  base  a  rectangle,  Rt.  Reclangulnr  Pr. 

equal  to  1  base  a  rhombus  ....Rt.  Rhombic  Pr. 

[     basal       [base  a  rhomboid,  B(.  BAomdoida/Pr. 

^  riateral  planes  equal  to  basal Rliombohedron, 

^      g,J  lateral  planes  I  base  a  rhombus,  Ob.  Rhombic  Pr. 
_g     g  i      not  equal     }  base  a  rectangle,  Ob.  Recl'lar.  Pr. 
"B  (.     to  basal.      (  base  arhomb6id,06.  BAom'daiPr. 


^^K  idivisi( 

ft: 


AN0AL    OP    OHBMISTSV. 

(1   .  rTaces  equilateral Regular  Octohtdran.  1 

g  S  J      fncea      C  base  a  square Square  Vd. 

t-  §  I        not       }  base  a  rtnitangle Rectangular  Oct. 

o  °  1_  equilateral  (  base  a  rhombus Rhombic  Oct. 

DooECitUEriRON lihoTobic  Dudecaltedron. 

In  giving  a  more  particular  description  of  these  solids,  some 
advantage  may  be  gained  by  keeping  distinctly  i 
division  proposed  above  (353). 


|/_ 


Rig-ht  Prisms. 
854.  In  which  the  lateral  edges  are  all  perpendicular  to  the 
of  the  base. 

1.  The  cube,  figure  51,  . 
solid  bounded  by  six  equal 
square  faces.  All  its  plane 
angles  are  right  angles. 

2,  The  right  square  prisra, 
figure  52,  is  also  a  siK-stded 
solid,  and  alt  its  plane  anglra 
ni-e  right  angles,  but  it  differe 
from  the  cube,  in  that  the 
lateral  faces  M  are  rectangles, 

vhile  the  bases  P  are  squares.  The  basal  edges  e  are  of  course 
equal  to  each  other,  but  the  lateral  edges  e,  though  equal  to 
each  other,  may  be  either  greater  or  less  than  the  basal. 

3.  The  right  rectangular  prism  has  six  sides,  and  right 
angles,  but  its  adjacent  lateral  faces  MM,  fig.  G2,  differ  from 
each  other  as  well  as  from  the  bases  P.  Its  faces  are  in  fed 
all  rectangles.    No  two  of  its  dimensions,  of  course,  are  equal 

4.  The  right  rhombic  prism  is 
the  same  as  the  right  square  prism, 
except  that  its  bases  P,  fig.  53,  are 
rhombuses.  | 

5.  The  right  rhomboidal  prism,   . 
differs    from    the    right    rhombic  | 
prism    only   in   its    bases,   which 
are  parallelograms  instead  of  riiom-  ' 

6.  The  hexagonal  prisjn,  fignre 
^■■64,  is  a  solid  bounded  by  six  lateral  planes,  which  are  rectan- 
gles, and  two  hexagonal  bases.  The  angles  of  the  baae^ 
and  of  course  the  inclination  of  the  lateral  faces  to  each  other, 
are  120'. 

2.  Oblique  Prisnis, 

■e  tiot  at  rigl-.t  angles  to  the  plane 
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Kf-  55.  7.  The  rhombohedron,  figure  55,  is  bounded 

by  six  equal  rhombic  feces.  It  differs  from 
the  cube,  in  that  none  of  its  adjacent  faces  are 
at  right  angles  to  each  other. 

8.  In  the  oblique  rhombic  prism  the  bases 
are  rhombuses  and  the  lateral  feces  parallelo* 
grams. 

9.  The  oblique  rectanmilar  prism  has  its 
bases  rectangles,  and  its  lateral  planes  paral- 
lelograms. 

10.  The  oblique  rhomboidal  prism  is  a  solid  bounded  bv  six 
rhomboids  or  parallelograms.  It  differs  firom  the  right  rhom- 
boidal prism,  in  having  its  lateral  edges  inclined  to  the  plane 
of  the  base. 


II.    OCTOHEDRONS. 

Fig.  55.  11,  The  regular  octohedron,  figure  56,  is  con- 

tained under  eight  equilateral  triangles;  and 
consequently  all  its  plane  angles  are  60^.  A 
section,  as  mnop^  or  ocyzt^  made  through  any 
four  of  its  edges,  will  be  a  square. 

12.  The  square  octohedron,  or,  as  it  is  some- 
times called,  the  octohedron  with  a  square  base, 
is  bounded  by  eight  eaual  isosceles  triangles. 
The  base  mnop^  ^g,  56,  is  a  square,  which  how- 
ever will  not  be  the  case  with  a  section  made 
through  any  other  of  its  edges,  as  xyzt. 

13.  The  rectangular  octohedron  is  limited  by  eight  isosceles 
triangles  also,  but  they  constitute  two  classes  of  four  each, 
which  are  similar.  The  base  mnop^  is  a  rectangle,  but  the 
angles  of  a  section  made  by  passing  a  plane  through  any  other 
four  edges,  will  be  oblique. 

14.  The  rhombic  octohedron  aa^  figure  57,  is  contained  under 
eight  faces,  which  are  similar  scalene  triangles.  The  base 
hS)b  is  a  rhombus. 

Fig.  58. 
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.  15.  The  rhombic  dodecahedron,  fig.  58,  is  bounded  by  twelte 
flimilar  rlionibic  faces,  which  incline  to  each  oiher  at  an  angle 
of  120  degrees. 

Some  of  the  above  forma  are  very  seldom  seen,  as  the  oblique 
rectangular  prism,  which  occurs  only  in  a  few  artificial  salts, 

355.  Secondary  Fbrma. — The  secondary  forms  are  very 
numerous;  indeed,  the  number  is  unlimited. 

They  are  formed  from  the  primary  forms  by  abstraction  of 
the  angles  or  edges,  which  is  called  a  replacement  of  the  angle 
or  edge.  This  replacement  may  be  by  a  aingie  plane,  or  oy 
two  or  more  planes.  The  plane  is  said  to  be  a  tangent  plane, 
is  equally  inclined  to  the  two  primary  faces,  which 
edge,  or  to  all  the  planes  which  unite  to  form  a  solid 


The  production  of  second- 
ary forms  from  the  primaries 
will  be  best  seen  by  referring 
to  a  few  instances.  Figure 
69  represents  the  cube  with 
all  its  solid  angles  replaced 
by  tangent  planes,  and  figure 
60  represents  the  same  with 
the  replacements  considera- 
bly larger,  so  that  the  primary  faces  M  are  nearly  obliterated; 
but  when  they  disappear,  it  will  evidently  pass  into  tiie  form  of 
the  regular  octohedron. 

Pii.  Bi.  Pig.  61  represents  a  cube  with  all  its  edges 

replaced  by  tangent  planes;  but  if  the  replace- 
i  ment  should  be  continued,  till  the  faces  aaa 
of  the  cube  entirely  disappear,  the  rhombic 
dodecahedron,  fig.  58,  will  result. 

Figure  60  may  be  considered  as  a  regular 
octohedron,  with  its  six  solid  angles  truncated, 
>  and  figure  59,  the  same,  with  the  process  of 
replacement  carried  still  farther.  If  the  re- 
placement is  continued  till  the  faces  A  of  the  octohedron  disap- 
pear, we  shall  evidently  have  a  cube.  The  right  square  prism 
and  square  octohedron  evidently  sustain  to  each  other  the  same 
relation. 

The  regular  octohedron,  with  al!  its  edges 
replaced  by  tangent  planes,  is  represented  in 
fig.  62.   This  replacement,  if  continued,  would 
also  result  in  the  rhombic  dodecahedron. — 
Jv  Other  secondary  forms  may  result  Irom  these 
imaries,  by  different  replacements  of 
s  and  angles,  but  they  cannot  be  no- 
ticed here,  nor  tiie  thousands  which  may  be 
produced  from  the  other  primary  forms. 


Fig.  in. 
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Crystals  are  generally  more  or  less  cleaveable,  that  is,  capa- 
ble of  division  by  natural  joints.  In  the  primary  forms,  this 
takes  place,  with  more  or  less  facility,  in  planes  parallel  to  all 
the  faces,  but,  in  the  secondary  forms,  cleavage  generally  pro- 
duces a  replacement  of  some  of  the  angles  or  edges. 

From  the  manner  in  which  the  secondary  forms  are  derived 
from  the  primaries,  it  will  be  seen  that  each  primitive  form  has 
a  series  of  secondaries  peculiar  to  itself,  which  is  called  a  system 
of  crystaiization.  There  are,  therefore,  as  many  systems  of 
crystalization  as  there  are  primary  forms. 

Now  all  crystals  must  belong  to  one  of  these  systems ;  and 
all  crystals  of  the  same  substance,  however  different  in  form,  it 
is  found,  except  in  the  case  of  dimorphous  bodies,  to  be  here- 
after noticed,  belong  to  the  same  system.  There  are  known 
more  than  six  hundred  forms  of  the  crystals  of  carbonate  of 
lime,  but  all  may  be  reduced  to  the  rhombohedron,  which  is 
its  primary  form. 

356.  Isomorphism. — This  term  (from  wroj,  equal,  and  iwe^ri, 
form,)  is  applied  to  designate  the  new  branch  of  science  laid 
have  the  property  of  assuming  the  same  crystaline  form,  and 
may  be  substituted  for  each  other  in  combination  without 
affecting  the  external  characters  of  the  compound.  Thus  alum 
is  a  compound  of  ter-sulphate  of  alumina  and  sulphate  of  po- 
tassa ;  but  the  alumina,  it  is  found,  may  be  entirely  replaced  by 
open  by  the  discovery  of  Mitscherlich,  that  certain  substances 
the  peroxide  of  iron,  and  still  the  salt  will  retain  the  same  form, 
taste,  and  other  properties  of  common  alum.  It  is  generally 
of  a  pink  tint,  but  often  is  perfectly  colorless.  So  also,  ammonia 
may  be  made  to  take  the  place  of  the  potassa  without  changing 
the  general  properties  of  the  S£dt.  Alumina  and  peroxide  of 
iron  are  therefore  isomorphous,  as  are  also  potassa  and 
ammonia. 

357.  Of  these  isomorphous  bodies,  several  distinct  groups 
have  been  described.  One  of  the  most  instructive  of  these  in- 
cludes the  salts  of  arsenic  and  phosphoric  acid.  Thus,  the 
neutral  phosphate  and  biphosphate  of  soda  have  exactly  the 
same  form  as  the  arseniate  and  biarseniate  of  soda;  and  phos- 
phate and  biphosphate  of  ammonia,  correspond  to  arseniate  and 
biarseniate  of  ammonia.  Each  arseniate  has  a  corresponding 
phosphate,  possessed  of  the  same  form,  containing  the  same 
number  of  equivalents  of  acid,  alkali,  and  water  of  crystaliza- 
tion, and  differing  in  fact  in  nothing,  except  that  one  series 
contains  arsenic  and  the  other  an  equivalent  quantity  of  phos- 
phorus. 

353.  Numerous  other  groups  of  isomorphous  substances 
have  been  determined,  some  of  which  are  simple  and  others 
compound.    Two  or  three  only  can  be  introduced. 
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3. 

Sulphuric  Acid SO3     ^ 

Telluric       "     TeO,  i 

Selenic         "     SeO, 

Chromic      "     CrO,  ' 

Manganic    •*     MnO, 

Perchloric  Acid CIO7     ^ 

Permanganic  " Mn^Of  i 

Periodic         " 10, 


1. 

Gold Au 

Silver Ag 

2. 

Magnesia MgO 

Protoxide  of  Iron FeO 

"  Manganese  .MnO 

"  Copi)er CuO 

"  Cobalt CoO 

"  Nickel NiO 

«  Zinc ZnO 

«*  Cadmium... CdO 

359.  The  salts  formed  by  the  union  of  the  several  protoxides  " 
constituting  the  second  group  with  acids,  are  always  iso- 
morphous  when  the  degree  of  saturation  and  quantity  of  water  - 
of  crystalization  are  the  same.  So,  acids  of  the  third  and  fourth 
group  combine  with  ba^es  and  form  isomorphous  salts,  when 
containing  the  same  proportion  of  base  and  water  of  crystali^ 
zation. 

3G0.  Compound  isomorphous  substances  generally  possess 
precisely  the  same  atomic  constitution,  that  is,  they  generally 
contain  the  samenumber  of  equivalents  of  each  of  the  elements 
of  which  they  are  composed,  but  this  is  not  always  the  case. 
In  the  fourth  group,  above  given,  it  will  be  observed,  one  of " 
the  substances  contains  2  eq.  of  one  of  its  ingredients  united  to 
7  eq.  of  oxygen,  while  the  others  contain  each  only  1  eq.  in  com- 
bination with  the  same  quantity  of  oxygen. 

Isomorphous  substances  often  have  many  very  close  points 
of  resemblance,  quite  independently  of  form ;  thus,  they  are 
equally  fiisible,  volatile,  &c.,  and  act  towards  other  reagents 
much  in  the  same  manner;  but  this  is  by  no  means  always  the 
case.  Sometimes  they  are  found  entirely  dissimilar  in  every 
respect  except  their  form. 

361.  Isomorphous  substances,  owing  doubtless  to  their  various  points  of 
resemblance,  crystalize  together  with  great  readiness,  and  are  separated  from 
each  other  with  difficulty.  A  mixture  of  the  sulphates  of  the  protoxides  of 
copper  and  iron  yields  crystals  which  have  the  same  quantity  of  water  of 
crystalization,  (6  equivalents,)  and  the  same  form  as  green  vitriol,  though 
they  may  contain  a  large  quantity  of  copper.  The  sulphates  of  the  pro- 
toxides of  zinc  and  copper,  of  copper  and  magnesium,  of  copper  and  nickel, 
of  zinc  and  manganese,  and  of  magnesium  and  manganese,  crystalize  to- 
gether, contain  6  equivalents  of  water,  and  have  the  same  form  as  green 
vitriol,  without  containing  a  particle  of  iron.  These  mixed  salts  may  be 
crystaJizcd  over  and  over  again,  without  the  ingredients  being  separated 
from  each  other,  just  as  it  is  extremely  difficult  to  purify  alum  from  ses- 
quioxidc  of  iron,  with  which  alumina  is  isomorphous.  In  these  instances 
the  isomorphous  salts  do  not  occur  in  definite  proportions :  they  are  not 
cbemica)}/  luiited  as  doable  salts,  but  merely  crystalize  together. 
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362.  Dimorphism,— 'This  term  is  applied  to  that  peculiarity  of  certain 
sabstances,  by  which  they  present  entirely  distinct  crystalizations  under 
different  circumstances.  Thus  sulphur  is  capable  of  yielding  crystals 
which  must  be  referred  to  two  separate  systems  of  crystalization,  depending 
upon  the  circumstances  under  which  the  process  takes  place ;  and  carbon- 
ate of  lime  in  calcareous  spar,  and  arragonite,  belong  to  different  systems, 
the  former  having  for  its  primary  form  the  rhombohedron,  and  the  latter 
the  right  rhombic  prism.  Crystals  of  sulphate  of  zinc  change  their  fium 
merely  by  being  gradually  heated. 

A  substance,  in  its  dimorphous  conditions,  frequently  presents  a  great  di& 
ferenoe  of  chemical  properties  as  well  as  of  form.  Thus  bisulphuret  of  iron 
is  dimorphous ;  and  when  crystalized  in  the  form  of  the  cube  it  is  very  per- 
manent, resisting  entirely  the  action  of  the  air  and  moisture,  but  when  in 
its  right  rhombic  form  it  gradually  absorbs  oxygen  from  the  air,  and  is 
eonverted  into  sulphate  of  iron. 


CHAPTER    II. 
NON-METALLIC    ELEMENTS. 


SECTION  L 

OXYGEN. 

Symbol  O;  Equivalent  8. 

363.  Oxygen  gas  was  discovered  by  Priestley  in  1774,  and  by 
Scheele  a  year  or  two  after,  without  previous  knowledge  of 
Priestley's  discovery.  Several  appellations  have  been  given  to 
it  It  was  named  d^hlogisticated  air  by  Priestley,  empyreal  air 
by  Scheele,  and  vital  air  by  Condorcet.  The  name  it  now 
bears,  derived  from  the  Greek  words  ofuj,  add,  and  yBwav,  to 
generate,  was  proposed  by  Lavoisier,  who  considered  it  the  sole 
cause  of  acidity. 

364.  Oxygen  gas  may  be  obtained  from  several  sources. 
The  peroxides  of  manganese,  lead,  and  mercury,  and  nitrate, 
and  chlorate  of  potassa,  yield  it  in  large  quantities  when  they 
are  exposed  to  a  red  heat.  The  substances  commonly  em- 
ployed for  the  purpose  are  peroxide  of  manganese  and  nitrate 
and  chlorate  of  potassa.  From  the  peroxide  of  manganese  it 
may  be  procured  in  two  ways;  either  by  heating  it  to  redness 
in  a  gun-barrel,  or  in  a  retort  of  iron  or  earthenware ;  or  by 
putting  it  in  fine  powder  into  a  flask  with  about  an  equal 
weight  of  concentrated  sulphuric  acid,  and  heating  the  mixture 
by  means  of  a  lamp. 

To  understand  the  theory  of  these  processes,  it  is  necessary  to  bear  in 
mind  the  composition  of  the  three  followiiiff  oxides  of  manganese : — 
13 
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Manganese,  Oxygen. 

Protoxide 27.7  or  1  equiv.      +  8 =35.7 

Sesquioxide 27.7 +12 =39.7 

Peroxide 27.7 -fl6 =43.7 

On  applying  a  red  beat  to  the  hat,  it  parts  with  half  an  equivalent  of 
oxygen,  and  is  converted  into  the  sesquioxide.  Every  43.7  grains  of  the 
peroxide  will  therefore  lose,  if  quite  pure,  4  grains  of  oxygen,  or  nearly  12 
cubic  inches ;  and  one  ounce  will  yield  about  128  cubic  inches  of  gas.  The 
action  of  sulphuric  acid  is  different    The  peroxide  loses  a  whole  equivalent 

Fig.  63.  of  oxygen,  and  is  converted  into 

the  protoxide  which  unites  with 
the  acid,  forming  a  sulphate  of 
the  protoxide  of  naangaaese. 
Every  43.7  grains  of  peroxide 
must  consequently  yield  8  grains 
of  oxygen  and  35.7  of  protoxide, 
which  by  uniting  with  one  equiv- 
alent(40.1)  of  the  acid,forms  75.8 
of  the  sulphate.  The  accom- 
panying figure  will  serve  to 
illustrate  the  apparatus  used  in  this  process  for  preparing  oxygen. 

365.  The  gas  obtained  from  peroxide  of  manganese,  though 
hardly  ever  quite  pure,  owing  to  the  presence  of  iron,  carbonate 
of  lime,  and  other  earthy  substances,  is  sufficiently  good  for 
ordinary  purposes.  It  yields  a  gas  of  better  quality,  if  previ- 
ously freed  from  carbonate  of  lime  by  dilute  hydrochloric  or 
nitric  acid ;  but  when  oxygen  of  great  purity  is  required,  it  is 
better  to  obtain  it  from  chlorate  of  potassa.  For  this  purpose, 
the  salt  should  be  put  into  a  retort  of  green  glass,  or  of  white 
glass  made  without  lead,  and  be  heated  nearly  to  redness.  It 
first  becomes  liquid,  though  quite  free  from  water,  and  then,  on 
increase  of  heat,  is  wholly  resolved  into  pure  oxygen  gas, 
which  escapes  with  effervescence,  and  into  a  white  compound, 
called  chloride  of  potassium,,  which  is  left  in  the  retort. 

The  following  formula  clearly  explains  the  changes  that  take 
place,  KO,  C105=KCl+60.  It  will  thus  be  seen  that  the  oxygen 
is  derived  in  part  from  the  potassa,  but  chiefly  from  the  chloric 
acid.  From  122.57  grains  of  the  salt,  48  grs.  or  about  161  cubic 
inches  of  pure  oxygen  may  be  obtained. 

The  best  method  to  obtain  it  for  ordinary  purposes,  is  to 
heat  to  redness  nitrate  of  potassa  in  an  Iron  bottle.  The  salt 
first  becomes  liquid,  and  is  then  gradually  decomposed,  yield- 
ing at  first  very  pure  oxygen,  especially  if  the  beat  is  not  per- 
mitted to  rise  too  rapidly.  The  very  first  portions  that  come 
over  should  be  rejected  as  being  usually  mixed  with  atmo- 
spheric air  and  carbonic  acid  derived  from  combustible  matter 
contained  in  the  salt ;  and  if  at  any  time  the  gas  should  begin 
to  form  too  rapidly,  the  heat  must  be  instantly  checked,  as 
Jbinoxide  of  nitrogen  and  other  gases  are  beginning  to  pass 
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over,  and  will  render  the  oxygen  unfit  for  use.  A  mercury 
flask  with  a  gun-barrel  screwed  into  it  for  a  neck  answers  ad- 
mirably well  for  this  purpose ;  or  for  collecting  small  quantities 
of  the  gas,  a  gun-barrel  alone  is  sufficient.    . 

The  changes  that  occur  by  this  process  are  i&ustrated  by 
the  following  formula :  KO,  N05=KO,  NO3-I-  20. 

366.  Oxygen  gas  is  colorless,  has  neither  taste  nor  smell,  is 
not  chemically  affected  by  the  imponderables,  refracts  light 
very  feebly,  and  is  a  non-conductor  of  electricity.  It  is  the 
most  perfect  negative  electric  that  we  possess,  always  appear- 
ing at  the  positive  electrode  when  any  compound  which  con- 
tains it  is  electrolized.  It  emits  light,  as  well  as  heat,  when 
suddenly  and  forciWy  compressed ;  but  this  is  solely  owing  to 
the  combustion  of  the  oil  with  which  the  compressing  tube  is 
lubricated. 

Oxygen  gas  is  heavier  than  atmospheric  air,  but  its  exact 
specific  gravity  seems  not  to  be  fully  settled.  Adopting  1.10 
as  its  correct  specific  gravity,  100  cubic  inches,  when  the 
thermometer  is  at  60^  and  the  barometer  stands  at  30  inches, 
would  weigh  34.19  grains. 

367.  Oxygen  gas  is  very  sparingly  absorbed  by  water,  100 
cubic  inches  of  that  liquid  dissolving  only  3  or  4  of  the  gas.  It 
Is  neither  acid  nor  alkaline,  nor  does  it  evince  a  disposition  to 
unite  directly  either  with  acids  or  alkalies.  It  has  a  very  pow- 
erful attraction  for  most  simple  substances ;  and  there  is  not 
one  of  them  with  which  it  may  not  be  made  to  combine.  The 
act  of  combining  with  oxygen  is  called  oxydation,  and  bodies 
which  have  united  with  it  are  said  to  be  oxydized.  The  com- 
pounds so  formed  are  divided  by  chemists  into  acids  and 
oxides.  The  former  division  includes  those  compounds  which 
possess  the  general  properties  of  acids;  and  the  latter  compre- 
hends those  which  not  only  want  that  character,  but  of  which 
many  are  highly  alkaline,  and  yield  salts  by  uniting  with  the 
acids.  The  phenomena  of  oxydation  are  variable.  It  is  some- 
times produced  with  great  rapidity,  and  with  evolution  of  heat 
and  light.  Ordinary  combustion,  for  instance,  is  nothing  more 
than  rapid  oxydation ;  and  all  inflammable  or  combustible  sub- 
stances derive  their  power  of  burning  in  the  open  air  from  their 
affinity  for  oxygen.  On  other  occasions  it  takes  place  slowly, 
and  without  any  appearance  either  of  heat  or  light,  as  is  ex- 
emplified by  the  rusting  of  iron  when  exposed  to  a  moist  atmo- 
sphere. Different  as  these  processes  may  appear,  oxydation  is 
the  result  of  both ;  and  both  depend  on  the  same  circumstances, 
namely,  the  presence  of  oxygen  in  the  atmosphere. 

368.  All  substances  that  are  capable  of  burning  in  the  open 
air,  burn  with  far  greater  brilliancy  in  oxygen  gas.  A  piece  of 
wood,  on  which  the  least  spark  of  light  is  visible,  bursts  into 
flame  the  moment  it  is  put  into  a  jar  of  oxygen  ;  lighted  char- 
coal emits  beautiful  scintUJations ;  and  phosphorus  bvxii^  ^\V}cv. 
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aa  powerful  and  dazzling  a  light  that  the  eye  cannot  bear  111 
impression.    Even  iron  and  steel,  which  are  not  commonly   ' 
ranked  among  the  infiammables,  undergo  rapid  combustion  io 
oxygen  gas. 

Fit.  M  The  combutlion  c(  iron  and  ateel  >«  effi^eted  bj 

intruducing  it  in  Ihe  form  of  wire  orlfain  alips  inl* 
■  leMci  of  Ihe  gas,  g>  sltown  ia  fignre  64.  lis 
GombuBlion  ia  corontenced  by  attacliing  lo  tbt 
lower  eitremilj  n  piece  of  ■panh  or  other  com- 
buatible,  wlilch  i>  ignited  tlie  momenl  it  ia  intro- 
duced into  the  gas. 

369.  The  changes  that  accompany  these 
phenomena  are  no  leas  remarkable  than 
the  phenomena  themselves.  When  a  light- 
ed taper  is  put  into  a  vessel  of  oxygen  eas, 
it  bums  for  a  while  with  increased  splen- 
dor ;  but  the  size  of  the  flame  soon  begins 
J  to  diminisli,  and  if  the  mouth  of  the  jar  be 
closed,  the  light  will  in  a  short  time  disafv 
pear  entirely.  The'  gas  has  now  lost  its 
characteristic  property  j  for  a  second  lighted  taper,  immersed 
in  it,  is  instantly  extinguished.  This  result  is  general.  The 
burning  of  one  body  in  a  given  proportion  of  oxygen,  unfits  it 
more  or  less  completely  Ibr  supporting  the  combustion  of 
another ;  and  the  reaaon  is  manifest  Combustion  is  produced 
by  the  combination  of  inflammable  matter  with  oxygen.  The 
quantity  of  free  oxygen,  therefore,  diminishes  during  the  pro- 
cess, and  is  at  length  nearly  or  quite  exhausted.  The  burning 
of  all  bodies,  however  indammable,  must  then  cease,  Iwcause 
the  presence  of  oxygen  is  necessary  to  its  continuance.  For 
this  reason  oxygen  gas  is  called  a  supporter  of  combustios. 
The  oxygen  often  loses  its  gaseous  form  as  well  as  its  other 
properties.  If  phosphorus  or  iron  be  burned  in  a  jar  of  pure 
oxygen  over  water  or  mercury,  the  disappearance  of  the  gas 
becomes  obvious  by  the  ascent  of  the  liquid,  which  is  forced  up 
by  the  pressure  of  the  atmosphere,  and  fills  the  vessel.  Some- 
times, on  the  contrary,  the  oxygen  gas  suffers  diminution  of 
volume  only,  or  it  may  even  tmdergo  no  change  of  bulk  at  all, 
as  is  exemplified  by  the  combustion  of  the  diamond. 

370.  The  changes  experienced  by  the  burning  body  are 
equally  striking.  While  the  oxygen  loses  its  power  of  support- 
ing combustion,  the  inflammable  substance  lays  aside  its  com- 
bustibility. It  is  then  an  oxydized  body,  and  cannot  be  made 
to  burn  even  by  aid  of  the  purest  oxygen  gas.,  it  has  also  in- 
creased in  weight.  It  is  an  error  to  suppose  that  bodies  lose 
anything  while  they  burn.  The  materials  of  our  fires  and 
candles  do  indeed  disappear,  but  they  are  not  destroyed.  Al- 
though they  fly  off  in  the  gaseous  form,  and  are  commonly 
lost  to  us,  it  is  not  difficult  to  collect  and  preserve  ell  the  pro- 
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ducts  of  combustion.  When  this  is  done  with  the  required! 
care,  the  combustible  matter  ia  always  found  to  weigh  morel 
after  than  ijefore  combustion,  and  the  increase  in  weight  to' 
exactly  equal  to  the  quantity  of  oxygen  which  has  disappeared' 
during  the  process. 

371.  Oxygen  gas  is  necessary  (o  respiration.  No  animal  can 
live  in  an  atmosphere  which  does  not  contain  a  certain  portion 
of  uncomblned  oxygen;  for  an  animal  soon  dies  if  put  into  a 
portion  of  air  from  which  the  oxygen  has  been  previously  res 
moved  by  a  burning  body.  It  may,  therefore,  be  anticipated 
that  oxygen  is  consumed  during  respiration.  Ifa  bird  be  con- 
fined in  a  limited  quantity  of  atmospheric  air,  it  will  at  first  feel 
no  inconvenience;  but  aa  a  portion  of  oxygen  is  withdrawn  at 
each  inspiration,  its  quantity  diminishes  rapidly,  so  that  respira- 
tion soon  becomes  laborious,  and  in  a  short  time  ceases  alto- 
getber.  Should  another  bird  be  then  introduced  into  the  same 
air,  it  will  die  in  the  course  of  a  few  seconds ;  or  If  a  lighted 
candle  be  immersed  in  it,  its  Same  will  be  extinguished.  Re- 
spiration and  combustion  have,  therefore,  the  same  effect.  An 
animal  cannot  live  in  an  atmosphere  which  is  unable  to  suppoi't 
combustion  ;  nor,  in  general,  cin  a  candle  burn  in  air  which 
contains  too  little  oxygen  for  respiration, 

372.  Though  oxygen  is  necessary  to  respiration.  In  a  stale  of  ■ 
purity  it  is  deleterious.  When  an  animal,  as  a  rabbit  for  ex-> 
arapie,  is  supplied  with  an  atmosphere  of  pure  oxygen  g£U,  nt>' 
inconvenience  is  at  first  perceived;  but  after  the  interval  of  an 
hour  or  more,  the  circulation  and  respiration  became  very 
rapid,  and  the  system  in  general  is  highly  excited.  Symptoms 
of  debility  subsequently  ensue,  followed  by  insensibility;  and' 
death  occurs  in  six,  ten,  or  twelve  hours.  On  examination 
after  death,  the  blood  is  found  highly  florid  in  every  part  of  th< 
body,  and  the  heart  acta  strongly  even  after  the  breathing  hi 
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373.  The  only  phenomena  of  combustion  noticed  by  an  ordi-J 
nary  observer,  are  the  destruction  of  the  burning  body,  and  thel 
development  of  heat  and  light ;  but  it  has  been  demonstrate^^ 
that  in  addition  to  these  circumstances,  oxygen  gas  invariably 
'  disappears,  and  a  new  compound,  consisting  of  oxygen  and  the 
combustible,  is  ^nerated.  The  term  combustion,  therefore,  in 
Its  common  signification,  implies  the  rapid  union  of  oxygen  gas 
and  combustible  matter,  accompanied  with  heat  and  light. 

But  numerous  other  cases  of  chemical  action  are  attended 
with  the  evolution  of  light  and  heat.  Thus  a  burning  taper 
introduced  into  an  atmosphere  of  chlorine,  continues  to  burn 
a  short  time,  and  phosphorus  and  several  of  the  metals  take 
fire  in  it  spontaneously.  Several  of  the  nielals  in  the  state  of 
fine  wire  or  thin  leaf  burn  readily  in  vapoi*  of  sulphur.    There 
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being,  therefore,  no  reason  why  a  distinction  should  be  made 
between  these  different  cases  of  chemical  combination,  com- 
bustion can  be  considered  as  only  intense  chemical  action 
attended  by  the  evolution  of  light  and  heat 

374.  For  many  years  prior  to  the  discovery  of  oxygen  gas, 
the  phenomena  of  combustion  were  explained  on  the  Stahlian 
or  phlogistic  hypothesis.  AH  combustible  bodies,  according  to 
Stahl,  contain  a  certain  principle  which  he  called  phlogiston,  to 
the  presence  of  which  he  ascribed  their  combustibility.  He 
supposed  that  when  a  body  burns,  phlogiston  escapes  from  it; 
and  that  when  the  body  has  lost  phlogiston,  it  ceases  to  be  com- 
bustible, and  is  then  a  dephlogisticated  or  incombustible  sub- 
stance. A  metallic  oxide  was  consequently  regarded  as  a 
simple  substance,  and  the  metal  itself  as  a  compound  of  its 
oxide  with  phlogiston. 

375.  On  this  theory,  it  is  evident,  a  metal  by  burning,  being 
deprived  of  its  phlogiston,  should  increase  in  weight.  It  was 
known,  however,  on  the  contrary,  long  before  the  Stahlian 
theory  was  relinquished,  that  the  reverse  of  this  takes  place, 
and  efforts  were  made  to  devise  some  satisfactory  explanation, 
but  of  course  without  avail. 

To  Lavoisier  belongs  the  honor  of  overthrowing  this  long- 
cherished  theory,  by  showing  in  the  most  decisive  manner  that 
ordinary  combustion  and  oxydation  are  essentially  the  same 
thing,  consisting  in  the  union  of  the  oxygen  of  the  atmosphere 
"With  the  combustible  body.  Thus,  when  an  iron  wire  is  con- 
sumed in  oxygen  gas,  the  oxide  of  iron  formed  will  always  be 
found  to  weigh  precisely  as  much  as  the  iron  itself,  and  the 
oxygen  that  has  disappeared  during  the  process. 

Lavoisier  also  attempted  on  his  theory  to  account  for  the 
evolution  of  light  and  heat  during  combustion,  but  without 
success ;  and  the  subject  at  the  present  time  seems  but  imper- 
fectly understood. 
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HYDROGEN. 

Symbol  H;  Equivalent  I. 

376.  This  gas  was  formerly  termed  inflammahle  air,  from  its 
combustibility,  and  phlogiston,  from  the  supposition  that  it  was 
the  matter  of  heat  (374) ;  but  the  name  hydrogen,  from  wfi*^^, 
water,  and  y^wcw/,  to  generate,  has  now  become  general.  Its 
nature  and  leading  properties  were  first  pointed  out  in  the  year 
1766,  by  Cavendish. 
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377.  Hydrogen  gas  may  be  easily  procured  in  two  waysL 
The  first  consists  in  passing  the  vapor  of  water  over  metallic 
iron  heated  to  redness.  This  is  done  by  putting  iron  wire  into 
a  gun-barrel  open  at  both  ends,  to  one  of  which  is  attached  a 
retort  containing  pure  water,  and  to  the  other  a  bent  tube. 
The  gun-barrel  is  placed  in  a  ftirnace,  and  when  it  has  acquired 
a  full  red  heat,  the  water  in  the  retort  is  made  to  boi]  briskly. 
The  gas  which  is  copiously  disengaged  as  soon  as  the  steam 
comes  in  contact  with  the  glowing  iron,  passes  along  the  bent 
tube,  and  may  be  collected  in  convenient  vessels,  by  dipping 
the  free  extremity  of  the  tube  into  the  water  of  a  pneumatic 
trough. 

P»8'  65.  The  arrangement  of 

the  apparatus  will  be 

seen  by  figure  65;  a 

is  the  retort  containing 

=T>.  the  water,  bb  furnace 

■' ^  '      m  with  the  gun -barrel  cc, 

in  which  are  the  iron 

turnings  to  be  heated, 

and  at  the  Icfl  is  the  re- 

J!<^  ceiver  to  collect  the  gas 

as  it  is  formed. 

The  second  and  most  convenient  method  consists  in  putting 
pieces  of  iron  or  zinc  into  dilute  sulphuric  acid,  formed  of  one 
part  of  strong  acid  and  four  or  five  of  water.  Zinc  is  generally 
preferred.  The  hydrogen  obtained  in  these  processes  is  not 
absolutely  pure.  The  gas  evolved  during  the  solution  of  iron 
has  an  offensive  odor,  ascribed  to  the  presence  of  a  volatile  oil, 
which  may  be  almost  entirely  removed  by  transmitting  the  gas 
through  alcohol.  The  oil  appears  to  arise  from  some  com- 
pound being  formed  between  hydrogen  and  the  carbon  which 
is  always  contained  even  in  the  purest  kinds  of  common  iron ; 
and  it  is  probable  that  a  little  carburetted  hydrogen  gas  is 
generated  at  the  same  time.  The  zinc  of  commerce  contains 
sulphur,  and  almost  always  traces  of  charcoal,  in  consequence 
of  which  it  is  contaminated  with  hydrosulphuric  acid,  and  pro- 
bably with  the  same  impurities,  though  in  a  less  degree,  as  are 
derived  from  iron.  A  little  metallic  zinc  is  also  contained  in  it, 
apparently  in  combination  with  hydrogen.  All  these  impuri- 
ties, carburetted  hydrogen  excepted,  may  be  removed  by 
passing  the  hydrogen  through  a  solution  of  pure  potassa. 
To  obtain  hydrogen  of  great  purity,  distilled  zinc  should  be 
employed. 

378.  Hydrogen  is  a  colorless  gas,  and  refracts  light  power- 
fully ;  and  when  pure  is  without  odor  or  taste.  It  is  the  lightest 
body  in  nature,  and  is  consequently  the  best  material  for  filling 
balloons.  From  its  extreme  lightness  it  is  diflicult  to  ascertain 
its  precise  density  by  weighing ;  because  the  presence  of  minute 
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quantities  of  common  air  or  watery  vapor  occasions  conddeta* 
ble  error.  It  ts  16  times  fighter  than  oxygen,  an  inference 
derived  from  the  composition  of  water  to  be  shortly  stated: 
hence  100  cubic  inches  of  hydrogen  gas  at  6(P  and  30  inches 
Bar.  should  weigh  Y'gX34.19=2.14  grains,  and  that  its  specific 
gravity  is  0.0089'. 

I  It  is  nearly  15  times  lighter  than  atmospheric  air,  200,000 
times  lighter  than  mercury,  and  &00,000  times  lighter  than  pla- 
tinum.    lIV     ^'  ■>w/«.'<    i.lJ/'-^    f,..    .ii..    ■'     / 

379.  Hydrogen  Is  neither'acld  nor  alkaline.  It  is  sparingly 
absortied  by  water,  100  cubic  inches  of  that  liquid  dissolving 
Fi^w.  about  one  and  a  half  of  the  gas.  It  cannot  sup- 
port respiration ;  for  an  animal  soon  perishes 
when  confined  in  it.  Death  ensues  from  depriva- 
tion of  oxygen  rather  than  from  any  noxious 
quality  of  the  hydrogen,  since  an  atmosphere 
composed  of  a  due  proportion  of  oxygen  and 
hydrogen  gases  may  be  respired  without  incon- 
venience. Nor  is  it  a  supporter  of  combustion ; 
for  when  a  lighted  candle  fixed  on  wire  is  passed 
up  into  an  inverted  jar  full  of  hydrogen  gas,  the 
light  instantly  disappears. 

380.  Hydrogen  gas  is  inflammable  in  an  em- 
inent degree,  though,  like  other  combustibles,  it 
requires  the  aid  of  a  supporter  of  combustion. 
Thus,  in  the  experiment  above  alluded  to,  as  the 
candle  passes  into  the  hydrogen,  though  it  is 
—itself  extinguished,  the  gas  is  kindled,  but  burns 
only  where  it  is  in  contact  with  the  air.  Its  com- 
L,  when  conducted  in  this  manner,  goes  on  tranquilly, 
and  is  attended  with  a  yellowish-blue  flame  and  a  very  feeble 
light.  The  phenomena  are  different  when  the  hydrogen  is 
previously  mixed  with  a  due  quantity  of  air.  The  approach 
of  flame  not  only  sets  fire  to  the  gas  near  it,  but  the  whole  is 
kindled  at  the  same  instant,  and  a  flash  of  light  passes  through 
the  mixture,  followed  by  a  violent  explosion.  The  best  pro- 
portion for  the  experiment  is  two  measures  of  hydrogen  to  five 
or  six  of  air.  The  explosion  is  far  more  violent  when  pure 
oxygen  is  used  instead  of  air,  particularly  when  the  gases  are 
mixed  together  in  the  rado  of  one  measure  of  oxygen  to  two 
of  hydrogen. 

381.  Oxygen  and  hydrogen  gases  cannot  combine  at  ordi- 
nary temperatures,  and  may,  therefore,'  be  kept  in  a  state  of 
mixture  without  even  gradual  combination  taking  place  between 
them.  Hydrogen  may  be  set  on  fire,  when  in  contact  with  air 
or  oxygen  gas,  by  flame,  by  a  solid  body  heated  to  bright  red- 
ness, and  by  the  electric  spark. 

382.  Spongy  platinum  also  produces  the  same  effect,  nearly 
as  readily  as  the  electric  spark,  provided  the  gases  are  purs 
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and  mixed  in  the  proper  proportion  of  one  measure  of  oxygen 
to  two  of  hydrogen.  This  discovery  was  made  in  1824  by 
Doebereiner  of  Jena.  Spongy  platinum  is  prepared  by  pre- 
cipitating the  nitro-hydrochloric  solution  platinum  by  hydro- 
chlorate  of  ammonia,  and  igniting  the  precipitate.  Faraday 
has  shown  that  platinum  foil,  if  perfectly  clean,  will  produce  the 
same  effect. 

It  is  bj  means  of  this  spongy  platinum  that  the  hydrogen  lamp  is  in- 
flamed. This  apparatus  consists  simply  of  two  glass  vessels,  so  arranged 
that  by  the  action  of  dilute  sulphuric  acid  upon  a  piece  of  zinc,  a  quantity 
of  hydrogen  is  generated  and  preserved  until  it  is  needed,  when  a  jet  of  it 
as  it  escapes  is  made  to  fall  upon  a  piece  of  spongy  platinum,  by  which  it 
is  inflamed.  The  jet  of  hydrogen,  as  it  issues  into  the  air,  mixing  with  the 
oxygen,  produces  the  same  effect  as  when  the  spongy  metal  is  introduced 
into  a  vessel  filled  with  the  mixed  gases. 

/^3S3.  A  singular  phenomenon,  which  is  best  produced  by  the 

/flame  of  hydrogen,  although  not  peculiar  to  it,  is  the  production 

'  of  musical  sounds  if  an  open  tube  be  held  over  it.    The  jet  of 

hydrogen,  if  inflamed  as  it  issues  into  the  air,  burns  silently 

and  continuously ;  but  on  placing  a  tube  over  it  the  oxygen  of 

the  air  coming  in  contact  with  it  only  from  below,  the  flame  is 

changed  into  a  succession  of  little  explosions  of  mixed  air  and 

i  gas,  and  a  distinct  musical  note  is  produced  by  the  vibrations 

^^of  the  air  in  the  tube. 

384.  A  large  quantity  of  heat  is  evolved  during  the  combus- 
tion of  hydrogen  gas.  The  most  intense  heat  that  can  be  pro- 
duced is  caused  by  the  combustion  of  hydrogen  in  oxygen 
gas.  Dr.  Hare  of  Philadelphia,  who  first  burned  hydrogen  for 
8iis  purpose,  collected  the  gases  in  separate  gasholders,  from 
which  a  stream  was  made  to  issue  through  tubes  communi- 

*  eating  with  each  other,  just  before  their  termination.  At  this 
point  the  jet  of  the  mixed  gases  was  inflamed.  The  effect  of 
the  combustion,  though  very  great,  is  materially  increased  by 
forcing  the  two  gases  in  due  proportion  into  a  strong  metallic 
vessel  by  means  of  a  condensing  syringe,  and  setting  fire  to  a 
jet  of  the  mixture  as  it  issues.  In  this  state,  however,  the 
apparatus  should  never  be  used ;  for  as  the  reservoir  is  itself 
lull  of  an  explosive  mixture,  there  is  great  danger  of  the  flame 
running  back  along  the  tube,  and  setting  fire  to  the  whole  gas 

I  at  once.  To  prevent  the  occurrence  of  such  an  accident, 
which  would  most  probably  prove  fatal  to  the  operator,  several 

J  methods  have  been  devised  by  Gumming,  Wollaston,  Gurney, 
and  lately  by  Hemming,  none  of  which  is  it  necessary  here  to 

,  describe,  since,  in  a  case  of  such  danger,  they  should  not  be 
trusted.  It  was  for  a  time  supposed  that  the  invention  of  the 
last  named  gentleman  might  be  relied  upon  with  perfect  safety, 

I     but  a  recent  explosion  in  the  laboratory  of  Dr.  Webster, 

I    of  Boston,  while  using  this  instrument,  shows  the  need  of 

*    caution* 
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A  very  intense  heat  may  be  produced  by  transmitting  a  jet  of  oxygen  g«  f- 
throagh  the  flame  of  a  spirit-lamp,  or  by  introdacing  a  jet  of  oxygen  gas  ii 
into  the  middle  of  another  jet  of  hydrogen,  or  ofcarboretted  hydrogen. 

Dr.  Hare  has  recently  been  able,  by  means  of  improvements  in  his  oxy- 
hydrc^ren  or  compound  blow-pipe,  perfectly  to  fuse  14^  ounces  of  platinum 
at  a  time. 

385.  It  has  already  been  remarked  that  hydrogen,  in  consequence  of  itf 
extreme  lightness,  is  used  for  filling  balloons,  the  buoyancy  of  which  it  is 
sometimes  necessary  to  compute.  This  is  readily  done  in  the  following 
manner : — If  100  cubic  inches  of  air  weigh  31.01  grains  (291),  the  weight 
of  a  cubic  foot  will  of  course  be  535.85  grains,  while  the  weight  of  an  equal  Bl 
volume  of  hydrogen  (378)  will  be  found  to  be  but  36.98  grains.  Nov  ^ 
535.85—36.98=498,87  grs.,  which  b  the  buoyancy  or  ascensional  force  oft 
cubic  foot  of  the  pure  gas.  But  from  this  we  must  of  course  subtract  the  h^ 
weight  of  the  balloon  itself;  and,  as  in  practice,  the  hydrogen  will  always  L 
be  more  or  less  impure,  due  allowance  must  be  made  for  it  in  order  to  L 
obtain  the  actual  ascensional  force.  Probably  in  practice  a  cubic  foot  of  gif  ^ 
would  be  found  to  ascend  readily  with  about  480  grains,  or  one  ounce  troy;  L 
and  therefore  to  obtain  the  ascensional  force  of  a  balloon,  multiply  the  cubic  . 
feet  of  gas  it  contains  by  480,  and  divide  by  7000,  (the  number  of  troy  ^ 
grains  in  a  pound  avoirdupois,)  which  will  give  the  result  in  avoirdupds 
pounds,  from  which  subtract  the  weight  of  the  balloon.  Jlf 

It  is  said,  however,  that  coal  gas,  though  much  heavier  than  hydrogen,  ii     g 
now  much  used  in  balloons  in  consequence  of  its  being  prepar^  cheaper, 
the  balloon  being  of  course  made  proportionally  larger.  {s 

^  HYDROGEN    AND     OXYGEN. 

38G.  There  are  but  two  known  compounds  of  these  two  sub- 
stances, the  protoxide  and  peroxide. 

Hydrogen,   Oxygen,        Equiv,  SymboL    l 

Protoxide  of  hydrogen  or  ■: 

WATER 1  eq.  +  1  eq 9 HO     J 

Peroxide 1  eq.  +  2  eq 17 HO,    ;; 

Protoxide  of  Hydrogen,  or  Water. — Water  is  the  sole  pro- 
duct of  the  combustion  of  hydrogen  gas.  For  this  important 
fact  we  are  indebted  to  Cavendish.  He  demonstrated  it  by 
burning  oxygen  and  hydrogen  gases  in  a  dry  glass  vessel ; 
when  a  quantity  of  pure  water  was  generated,  exactly  equal 
in  weight  to  that  of  the  gases  which  had  disappeared.  This  1 
experiment,  which  is  the  synthetic  proof  of  the  composition  of  * 
water,  was  afterwards  made  on  a  much  larger  scale  in  Paris 
by  Vauquelin,  Fourcroy,  and  Seguin.  Lavoisier  first  demon- 
strated its  nature  analytically,  by  passing  a  known  quantity  of 
watery  vapor  over  metallic  iron  heated  to  redness  in  a  glass 
tube.  Hydrogen  gas  was  disen^siged,  the  metal  in  the  tube 
was  oxydized,  and  the  weight  of  the  former,  added  to  the  in- 
crease which  the  iron  had  experienced  from  combining  with 
oxygen,  exactly  corresponded  to  the  quantity  of  water  decom- 
posed. 

387.  The  exact  determination  of  the  proportion  in  which 
these  substances  unite  to  form  water,  is  a  most  important 
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bject  in  chemistry,  in  consequence  of  the  great  range  of  the  af> 
nities  which  they  exercise,  it  has  therefore  engaged  the  atten- 
[on  of  some  of  the  ablest  experimenters ;  and  it  has  been  satisfac- 
[>rily  determined  that  100  parts  of  pure  water  consist  of  11.1 
•f  liydrogen  and  88.9  of  oxygen,  which  is  the  ratio  of  1  to  8.009; 
T  very  nearly  that  of  1  to  8,  as  above  stated. 

388,  The  processes  for  procuring  a  supply  of  hydrogen  gas 
dll  now  be  intelligible.  The  first  is  the  method  by  which 
jBkvoisier  made  the  analysis  of  water.  It  is  founded  on  the 
act  that  iron  at  a  red  heat  decomposes  water,  the  oxygen  of 
bat  liquid  uniting  with  the  metal,  and  the  hydrogen  gas  being 
(at  free.  That  the  hydrogen  which  is  evolved  when  zinc  or 
ron  is  put  into  dilute  sulphuric  acid  must  be  derived  from  the 
nme  source,  is  obvious  from  the  consideration  that,  of  the  three 
mbstances,  iron,  sulphuric  acid,  and  water,  the  last  is  the  only 
yae  which  contains  hydrogen.  The  product  of  the  operation, 
besides  hydrogen,  is  sulphate  of  the  protoxide  of  iron,  if  iron 
\a  used,  according  to  the  following  formula:  H0+S03-1-Fe= 
FeO,S03-fH. 

When  zinc  is  used  instead  of  iron  the  chemical  changes  that 
take  place  are  similar,  as  follows:  HO+S03,H-Zn=ZnO,  SO3 
+  11.  An  ounce  of  zinc  will  yield  676  cubic  inches  of  hydrogen, 
and  an  equeil  quantity  of  iron,  780. 

389.  Water  is  a  transparent,  colorless  liquid,  which  has  neither 
smell  nor  taste.  It  is  a  powerful  refractor  of  light,  conducts 
heat  very  slowly,  and  is  an  imperfect  conductor  of  electricity. 
It  is  slightly  compressible  by  pressure,  its  absolute  diminution 
for  one  atmosphere  being  51.3  millionths  of  its  volume.  The 
relations  of  water,  with  respect  to  heat,  are  highly  important ; 
bat  they  have  already  been  discussed  in  the  first  part  of  the 
work.  The  specific  gravity  of  water  is  1,  the  density  of  all 
solid  and  liquid  bodies  being  referred  to  it  as  a  term  of  com- 
parison. One  cubic  inch  at  62°  and  30  inches  of  the  barometer, 
weighs  252.458  grains ;  so  that  it  is  814  times  as  heavy  as  atmo- 
spheric air. 

390.  Water,  owing  partly  to  the  extensive  range  of  its  own 
afllnity,  and  partly  to  the  nature  of  its  elements,  is  one  of  the 
most  powerful  agents  which  we  possess.    The  preparation  of 
hydrogen  gas  is  an  example  of  this ;  and  indeed  there  are  few 
complex  changes,  where  oxygen  and  hydrogen  are  present, 
which  do  not  give  rise  either  to  the  production  or  decomposi- 
tion of  water.    But,  independently  of  the  elements  of  which  it 
is  composed,  it  combines  directly  with  many  bodies.    Some- 
times it  is  contained  in  a  variable  ratio,  as  in  ordinary  solu- 
tions ;  in  other  compounds  it  is  present  in  a  fixed  definite  pro- 
portion, as  is  exemplified  by  its  union  with  several  of  the  acids, 
the  alkalies,  and  all  salts  that  contain  water  of  crystalization. 
These  combinations  are  termed  hydrates.    Thus,  concentrated 
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sulphuric  acid  is  a  compound  of  one  equivalent  of  the  real  acid 
and  one  equivalent  of  water ;  and  its  proper  name  is  hydrous 
sulphuric  ucidLt  or  hydrate  ofnUphuric  acid.  The  adjunct  hydro 
has  been  sometimes  used  to  signify  the  presence  of  water  in 
definite  proportion;  but  it  is  advisable,  to  prevent  mistakes, to 
limit  its  employment  to  the  compounds  of  hydrogen. 

391.  The  purest  water  which  can  be  found  as  a  natural  pro- 
duct, is  procured  by  melting  freshly-fallen  snow,  or  by  receiv- 
ing rain  in  clean  vessels  at  a  distance  from  houses.  But  this 
water  is  not  absolutely  pure ;  for  if  placed  under  the  exhausted 
receiver  of  an  air-pump,  or  boiled  briskly  for  a  few  minutes, 
bubbles  of  gas  escape  from  it.  The  air  obtained  in  this  way 
from  snow  water  is  much  richer  in  oxygen  gas  that  atmcv 
spheric  air.  According  to  the  experiments  of  Gay-Lussac  and 
Humboldt,  it  contains"34.8  per  cent  of  oxygen,  and  the  air 
separated  by  ebullition  from  rain-water  contains  32  per  cent,  of 
that  gas.  Other  gases  are  absorbed  by  it ;  some  of  them  in 
large  quantities  and  with  great  rapidity.  All  water  which  has 
once  fallen  on  the  ground,  becomes  impregnated  with  more  or 
less  earthy  or  saline  matters,  and  it  can  be  separated  from  them 
only  by  distillation.  The  distilled  water,  thus  obtained,  and 
preserved  in  clean,  well-stopped  bottles,  is  absolutely  pure. 
Recently  boiled  water  has  the  property  of  absorbing  a  portion 
of  all  gases,  when  its  surface  is  in  contact  with  them ;  and  the 
absorption  is  promoted  by  brisk  agitation. 

Aq.  (from  aqua,  water ^  is  often  used  as  the  symbol  for  water 
instead  of  the  one  given  in  the  table. 

392.  Per  or  Binoxide  of  Hydrogen, — This  compound  was 
discovered  by  Thenard,  in  the  year  1818.  The  method  of 
forming  it  is  too  complicated  to  be  here  repeated.  It  has  been 
obtain^  only  in  the  liquid  form,  and  when  most  concentrated 
possesses  a  specific  gravity  of  1.452.  It  is  colorless,  transpa- 
rent, and  without  odor.    Sometimes  called  oxygenized  water. 

Though  it  differs  from  water  only  in  containing  an  addi- 
tional equivalent  of  oxygen,  it  acts  powerfully  upon  the  skin, 
producing  a  prickling  sensation,  whitening  the  surface,  and 
destroying  the  texture,  if  the  application  is  long  continued. 

If  the  temperature  is  raised  as  high  as  59^,  it  is  decomposed 
and  converted  into  water  and  oxygen  gas ;  a  sudden  elevation 
of  temperature  even  causes  an  explosion.  It  is  also  decom- 
posed by  the  action  of  nearly  all  the  metals,  and  many  of  the 
metallic  oxides.  Diluted  with  water  or  mixed  with  some  acid, 
it  is  less  liable  to  decomposition  than  when  pure. 
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SECTION  IIL 

NITROGEN. 

Symbol  N;  Equivalent  14.15. 

393.  The  existence  of  nitrogen  gas,  as  distinct  from  every 
other  gaseous  substance,  appears  to  have  been  first  noticed  in 
the  year  1772,  by  Rutherford,  of  Edinburgh.  Lavoisier  dis- 
covered in  1775  that  it  is  a  constituent  part  of  the  atmosphere; 
and  the  same  discovery  was  made  soon  after,  or  about  the  same 
time,  by  Scheele.  Lavoisier  called  it  azote^  (from  a,  privative, 
and  fwi;,  life,)  because  it  is  unable  to  support  the  respiration  of 
animals ;  but  the  term  mitogen  has  been  since  applied  to  it, 
from  the  circumstance  of  its  being  an  ingredient  of  nitric  acid. 

Fig.  67.  394.  Nitrogen  is  most  conveniently  prepared 

by  burning  a  piece  of  phosphorus  in  a  jar  full 
of  air,  inverted  over  water.  The  strong  af- 
finity of  phosphorus  for  oxygen  enables  it  to 
burn  till  the  whole  of  that  gas  is  consumed. 
The  product  of  the*  combustion,  phospho- 
ric acid,  is  at  first  diffused  through  the  resi- 
due in  the  form  of  a  white  cloud ;  but  as 
this  substance  is  rapidly  absorbed  by  water,  it 
disappears  entirely  in  the  course  of  half  an  hour.  The  residual 
gas  is  nitrogen,  containing  a  small  quantity  of  carbonic  acid 
and  vapor  of  phosphorus,  both  of  which  may  be  removed  by 
agitating  it  briskly  with  a  solution  of  pure  potassa.  Several 
other  substances  may  be  employed  for  withdrawing  oxygen 
from  atmospheric  air.  A  solution  of  protosulphate  of  iron, 
charged  with  binoxide  of  nitrogen,  absorbs  the  oxygen  in  the 
space  of  a  few  minutes.  A  stick  of  phosphorus  produces  the 
same  effect  in  twenty-four  hours,  if  exposed  to  a  temperature 
of  60°.  A  solution  of  sulphuret  of  potassium  or  calcium  acts 
in  a  similar  manner ;  indeed,  any  substance  that  will  serve  to 
absorb  oxygen  rapidly.  It  is  sometimes  found  in  the  water  of 
mineral  springs,  as  at  Lebanon,  New  York. 

395.  Pure  nitrogen  is  a  colorless  gas,  wholly  devoid  of  smell 
and  taste.  It  does  not  change  the  blue  color  of  vegetables,  and 
is  distinguished  from  other  gases  more  by  negative  characters 
than  by  any  striking  quality.  It  is  not  a  supporter  of  combus- 
tion ;  but,  on  the  contrary,  extinguishes  all  burning  bodies  that 
are  immersed  in  it.  No  animal  can  live  in  it ;  but  yet  it  exerts 
no  injurious  action  either  on  the  lungs  or  on  the  system  at 
large,  the  privation  of  oxygen  gas  being  the  sole  cause  of 
oeath.  It  is  not  inflammable  like  hydrogen;  though,  under 
favorable  circumstances,  it  may  be  made  to  unite  with  oxygen. 

14 
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Water,  when  deprived  of  air  by  ebullition,  takes  up  about  one 
and  a  half  per  cent,  of  it. 

Its  specific  gravity  is  about  0.97 ;  100  cubic  inches  weighing 
about  30.  IG  grains. 

396.  Some  doubt  has  existed  with  regard  to  the  nature  of 
nitrogen;  several  chemists,  among  whom  is  Berzelius,  con- 
sidering it  a  compound  body :  but  there  seems  to  be  no  suflS- 
cient  reason  for  this  opinion.  We  therefore  rank  it  among  the 
elementary  substances, 

NITROGEN    AND      OXTGEN. 

397.  The  compounds  of  nitrogen  and  oxygen  are  five,  exclu- 
sive of  atmospheric  air,  concerning  which  writers  do  not  yet 
entirely  agree,  whether  to  consider  it  a  chemical  compound,  or 
only  a  mixture  of  those  gases. 

By  volume.     By  weight. 

Nit,    Oxy,      Nit,    Oxy,      Eguiv.  Symbds. 

Nitrous  oxide 100+  50—1  eq.+ 1  eq  —22.15— NO 

Nitric  oxide 100+ 100—1  eq.+2  eq.— 30.15— NO3 

Hyponitrous  acid. . . .  100+150—1  eq.+3  eq— 38.15— NO3 

Nitrous  acid 100+200—1  eq.+4  eq.— 46.15— NO4 

Nitric  acid 100+250—1  eq.+5  eq.— 54.15— NO5 

Atmospheric  air 400+100 — 2  eq.+ 1  eq. 

THE    ATMOSPHERE. 

398.  The  earth  is  everywhere  surrounded  by  a  mass  of 
gaseous  matter  called  the  atmosphere,  which  is  preserved  at 
its  surface  by  the  force  of  gravity,  and  revolves  together  with 
it  around  the  sun.  It  is  colorless  and  invisible,  excites  neither 
taste  nor  smell  when  pure,  and  is  not  sensible  to  the  touch 
unless,  when  it  is  in  motion.  It  possesses  the  physical  proper- 
ties of  elastic  fluids  in  a  high  degree.  Its  specific  gravity  is 
unity,  being  the  standard  with  which  the  density  of  all  gaseous 
substances  is  compared.  It  is  814  times  lighter  than  water,  and 
nearly  11065  times  lighter  than  mercury.  The  knowledge  of 
its  exact  weight  is  an  essential  element  in  many  physical  and 
chemical  researches,  and  has  been  lately  determined  with  very 
great  care  by  Prout.  According  to  his  observations  100  cubic 
inches  of  pure  and  dry  atmospheric  air,  at  60^  and  30  B.,  weigh 
31.01  grains  (291). 

399.  The  pressure  of  the  atmosphere  was  first  noticed  early 
in  the  1 7th  century  by  Galileo,  and  was  afterwards  demon- 
strated by  his  pupil  Torricelli,  to  whom  science  is  indebted  for 
the  invention  of  the  barometer.  Its  pressure  at  the  level  of  the 
sea  is  equal  to  a  weight  of  about  15  pounds  on  every  square 
inch  of  surface,  and  is  capable  of  supporting  a  column  of  water 
34  feet  high,  and  one  of  mercury  of  30  inches ;  that  is,  a  column 
of  mercury  1  inch  square  and  30  inches  long  has  the  same 
weight  (nearly  15  pounds)  as  a  column  of  water  of  equal  base 
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and  34  feet  long,  and  as  a  column  of  air  of  equal  base  reaching 
from  the  level  of  the  sea  to  the  extreme  limit  of  the  atmosphere. 
By  the  use  of  the  barometer  it  was  discovered  that  the  atmo- 
spheric pressure  is  variable.  It  varies  according  to  the  eleva- 
tion above  the  level  of  the  sea,  and  on  this  principle  the  height 
of  mountains  is  estimated.  Supposing  the  density  of  the  atmo- 
sphere to  be  uniform,  a  fall  of  one  inch  in  the  barometer  would 
correspond  to  11065  inches,  or  922  feet  of  air;  but  in  order  to 
make  the  calculation  with  accuracy,  allowance  must  be  made 
for  the  increasing  rarity  of  the  air,  and  for  various  other  cir- 
cmnstances  which  are  detailed  in  works  on  meteorology.  From 
causes  at  present  not  understood,  the  pressure  varies  likewise 
at  the  same  place.  On  this  depends  the  indications  of  the 
barometer  as  a  weather-glass;  for  observation  has  fully  proved 
that  the  weather  is  commonly  fair  and  calm  when  the  baro- 
meter is  high,  and  usually  wet  and  stormy  when  the  mercury 
falls. 

400.  Atmospheric  air  is  highly  compressible  and  elastic,  so 
that  its  particles  admit  of  being  approximated  to  a  great  extent 
by  compression,  and  expand  to  an  extreme  degree  of  rarity 
when  the  tendency  of  its  particles  to  separate  is  not  restrained 
by  external  force.    The  volume  of  air  and  all  other  gaseous 
fluids,  so  long  as  they  retain  the  elastic  state,  is  inversely  as 
the  pressure  to^which  they  are  exposed.    Thus  a  portion  of  air 
which  occupies  100  measures  when  compressed  by  a  force  of 
one  pound,  will  be  diminished  to  50  measures  when  the  pres- 
sure is  doubled,  and  will  expand  to  200  measures  when  the 
compression  is  equal  to  half  a  pound.     But  those  gases  which 
are  susceptible  of  condensation  by  pressure  into  the  liquid 
form,  as  the  pressure  approaches  this  point,  vary  from  the 
law,  the  volume  diminishing  more  rapidly  than  this  would 
indicate. 

401.  The  atmosphere  is  not  of  equal  density  in  all  its  parts. 
This  is  obvious  from  the  consideration  that  those  portions 
which  are  next  the  earth  sustain  the  whole  pressure  of  the 
atmosphere,  while  the  higher  strata,  bear  only  a  part.  The 
atmospheric  column  diminishes  in  length  as  the  distance  from 
the  earth's  surface  increases;  and,  consequently,  the  greater 
the  elevation  the  lighter  must  be  the  air.  The  height  to  which 
the  atmosphere  extends  is  not  known  with  certainty,  but  from 
calculations  founded  on  the  phenomena  of  refraction  it  is  sup- 
posed to  be  about  45  miles.  If  it  was  throughout  its  whole 
extent  as  dense  as  at  the  surface  of  the  earth,  its  height  would 
be  about  5  miles. 

402.  By  numerous  astronomical  observations,  it  is  ascertained  that  tlie 
atmosphere  is  limited  to  the  earth,  or  if  not  absolutely  limited  to  the  earth, 
tliat  th«  atmospheres  existing  around  other  planets  of  the  solar  system,  and 
especially  Jupiter,  are  very  much  less  than  they  would  be,  was  the  matter 
of  the  atmosphere  distributed  among  the  different  bodies  of  the  system  in 
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the  ratio  of  their  several  attractions.  Bat  such  a  distribntum  as  thj^  most 
take  place,  was  the  matter  of  the  atmosphere  infinitely  dbifeiUe,  and  there- 
fore capable  of  unUmited  expansion,  which  is  thus  rendered  highly  impro- 
bable, if  indeed  it  is  not  absolutely  disproved ;  thus  affording  an  unex- 
pected argument  against  the  infinite  divisibility  of  matter. 

403.  In  order  to  account  for  the  fact  of  the  atmosphere  being  confined  to 
the  eartli,  it  is  only  necessary  to  suppose  it  to  be  composed  of  ultimate  par- 
ticles or  atoms  incapable  of  rarther  division  ;  as,  in  this  case,  afler  attaining 
a  certain  degree  of  rarefaction,  its  elasticity  must  necessarily  become  so 
feeble  that  the  tendency  of  its  particles  to  separate  farther  will  be  counter- 
acted by  their  own  gravity.  The  unknown  height  at  which  this  equilibrium 
takes  place  between  the  two  forces  of  elasticity  and  gravitation,  is  the 
extreme  limit  of  the  atmosphere.  w 

The  loss  of  elasticity  may  be  ascribed  to  two  powerful  and  concurring 
causes ;  namely,  to  the  distance  between  the  particles  of  air  when  highly 
rarefied,  and  to  the  extreme  cold  which  prevails  in  the  higher  strata  of  the 
atmosphere. 

404.  The  best  method  to  determine'  the  relative  quantity  of 
oxygen  in  the  atmosphere,  is  to  detonate  it  with  pure  hydrogen, 
two  measures  of  which  will  of  course  require  precisely  one 
measure  of  oxygen  for  its  combustion.  An  instrument  for  this 
purpose  (of  which  there  are  several  varieties)  is  called  a  Eu- 
diometer. By  this  instrument,  though  there  is  some  difference 
in  the  results  obtained  by  different  experimenters,  it  is  very 
satisfactorily  determined  that  pure  atmospheric  air  is  composed 
of  nitrogen  about  79.34  per  cent.,  and  oxygen  20.66,  by  volume, 
or  28.3  nitrogen  to  8  of  oxygen,  by  weight. 

405.  It  has  been  supposed  that  this  ratio  is  ever  perfectly  uni- 
form, whatever  may  have  been  the  sources  from  which  the 
constituent  gases  have  been  derived ;  but  some  recent  experi- 
ments seem  to  indicate  that  the  proportion  of  oxygen  is  greater 
in  low  latitudes,  and  near  the  surface,  than  near  the  poles  or  in 
very  elevated  regions,  though  the  difference  is  but  small. 

406.  Such  is  the  constitution  of  pure  atmospheric  air.  But 
the  atmosphere  is  never  absolutely  pure;  for  it  always  contains 
a  certain  variable  quantity  of  carbonic  acid  and  watery  vapor, 
besides  the  odoriferous  matter  of  flowers  and  other  volatile 
substances,  which  are  also  frequently  present.  The  proportion 
of  carbonic  acid  is  greater  in  summer  than  in  winter;  and  from 
observations  made  during  spring,  summer,  and  autumn,  in  the 
open  fields  and  in  calm  weather,  its  proportion  is  inferred  to 
be  always  greater  at  night  than  in  the  day,  and  to  be  more 
abundant  in  gloomy  than  in  bright  weather.  A  very  moist 
state  of  the  ground,  as  after  much  rain,  diminishes  the  quantity 
of  carbonic  acid,  apparently  by  direct  absorption.  It  is  rather 
more  abundant  in  elevated  situations,  as  on  the  summits  of  high 
mountains,  than  in  the  plains ;  but  its  quantity  is  there  nearly 
the  same  in  day  and  night,  in  wet  and  dry  weather,  because 
the  higher  strata  of  the  air  are  less  influenced  by  vegetation 
and  the  state  of  the  soil.    It  has  been  found  that  10,000  parts 
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of  the  air  contain  4.9  of  carbonic  acid  as  a  mean,  6.2  as  a  max- 
imum, and  3.7^ <«s  a  minimum. 

407.  The  chief  chemical  properties  of  the  atmosphere  are 
owing  to  the  presence  of  oxygen  gas.  Air,  from  which  this 
principle  has  been  withdrawn,  is  nearly  inert.  It  can  no  longer 
support  respiration   and   combustion,  and  metals   are    not 

•  oxydized  by  being  heated  in  it  Most  of  the  spontaneous 
changes  which  mineral  and  dead  organized  matters  undergo, 
are  owing  to  the  powerful  affinities  of  oxygen.  The  uses  of 
the  nitrogen  are  in  a  great  measure  unknown.  It  has  been  sup- 
.  posed  to  act  as  a  mere  diluent  to  the  oxygen ;  but  it  most  pro- 
.'t'bably  serves  some  useful  purpose  in  the  economy  of  animals, 
the  exact  nature  of  which  has  not  been  discovered. 

408.  The  question  has  been  much  discussed  whether  the  oxygen  and  ni- 
trog^en  gases  of  the  atmosphere  are  simply  intermixed,  or  chemically  com- 
bined with  each  other.  Appearances  are  at  first  view  greatly  in  favor  of 
the  latter  opinion. 

The  two  gases,  nitrogen  and  oxygen,  are  always  found  to  exist  in  the  air 
in  the  same,  or  nearly  the  same  ratio,  which  is  by  volume  nearly  as  4  of 
nitrogen  to  1  of  oxygen,  or  by  weight  (as  we  have  just  seen),  as  23.3  of 
nitrogen  to  8  of  oxygen ;  and  to  this  may  be  added  that  they  are  always 
equally,  or  very  nearly  equally  diffused.  But,  on  the  other  hand,  atmospheric 
air  is  so  precisely  like  a  simple  mixture  of  the  two  gases  in  all  its  propor- 
tions, the  gases  suffering  no  change,  as  would  be  expected  did  they  combine 
chemical  y,  it  is  now  generally  believed  it  is  merely  a  mixture. 
Fig.  68.       409.  It  has  been  supposed  that  if  they  are  merely  in  a  state  of 
mixture,  oxygen  being  the  most  dense  ought  to  settle  towards  the 
surface  of  the  earth,  but  it  is  found  by  experiment  that  gases,  what- 
ever may  be  their  relative  density  when  brought  in  contact,  mix  uni. 
formly  with  each  other.   Thus,  if  two  bottles,  a  and  c,  figure  6^8,  are 
each  filled  with  a  gas,  the  most  dense  being  in  the  lower,  and  are 
then  made  to  communicate  together  by  means  of  the  faucets  h  and 
c,  and  connecting  tube  d,  the  two  gases   will  gradually  diffuse 
themselves  equally  through  the  whole  space.     The  mixture  of 
d  ll      the  gases  will  even  take  place  through  their  membranes,  whether 
animal  or  vegetable ;  the  least  dense  of  the  gases  passing  much 
the  most  rapidly. 

410.  There  is  still  one  circumstance  for  consideration  respect- 
ing the  atmosphere.  Since  oxygen  is  necessary  to  combustion,  to 
the  respiration  of  animals,  and  to  various  other  natural  operations, 
by  all  of  which  that  gas  is  withdrawn  from  the  air,  it  is  obvious 
that  its  quantity  would  gradually  diminish,  unless  the  tendency 
of  those  causes  were  counteracted  by  some  compensating  process. 
To  all  appearance  there  does  exist  some  source  of  compensation  ;  for  che- 
mists have  not  hitherto  noticed  any  change  in  the  constitution  of  the  atmo- 
sphere. The  only  source  by  which  oxygen  is  known  to  be  supplied,  is  the 
action  of  growing  vegetables.  A  healthy  plant  absorbs  carbonic  acid  during 
the  day,  appropriates  the  carbonaceous  part  of  that  gas  to  its  own  wants, 
and  evolves  the  oxygen  with  which  it  was  combined.  During  the  night, 
indeed,  an  opposite  effect  is  produced.  Oxygen  gas  then  disappears,  and 
carbonic  acid  is  eliminated;  but  during  24  hours  they  yield  more  oxygen 
than  they  consume.  Whether  living  vegetables  make  «l  fviVl  conv'^ti&^Vvoi^ 
J4* 
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for  the  oxjgen  removed  from  the  air  bj  the  processee  above  mentioned  is 
uncertain.  From  the  great  extent  of  the  atmosphere,  and  the  continoal 
aji^itution  to  which  its  different  parts  are  subject  by  the  actkm  of  winds,  the 
effects  of  any  deteriorating  process  would  be  very  gradual,  and  a  change  in 
the  proportion  of  its  elements  could  be  perceived  only  by  observations  made 
at  very  distant  intervals. 

It  has  been  estimated  that  the  loss  of  oxygen  employed  in  respiration  and 
combustion^  during  100  years,  would  not  amount  to  ^-^jf^  of  the  whole 
quantity  in  the  atmosphere. 

411.  Protoxide  cf  Sitrogen, — This  gas  was  discovered  by 
Prit»stley,  who  gave  it  the  name  of  dephlogisticated  niirous  air, 
l)avy  called  it  nitrous  oxide.  The  most  convenient  method  of 
priK'uriiig  it  is  by  means  of  nitrate  of  ammonia.  This  salt  is 
pivpareil  by  neutralizing  with  carbonate  of  ammonia,  pure 
nitiic  ui'id,  ilihited  with  about  three  parts  of  water,  and  con- 
centratiui^  by  evajwration  until  a  drop  of  the  liquid  let  fall  on  a 
v<.»Jd  platf  btvi>mes  a  tirm  mass,  adding  a  little  ammonia  to- 
wai\U  tho  i'li.»sie  to  hisure  neutrality.  The  salt  after  cooling  is 
broken  to  pitx-es,  introduced  into  a  retort,  and  heated  by  a  lamp 
or  pan  i>f  charcoal :  at  first,  below  400^,  fusion  ensues ;  and  as 
Ihe  heat  rises  to  4i^  or  5(X)^,  rapid  decomposition  sets  in, 
which  continues  until  all  the  salt  disappears.  If  a  white  cloud 
ap^x^ais  withm  the  retort,  due  to  some  of  the  salt  subliming 
un(.lccomix)sed,  the  heat  should  be  checked. 

412.  The  sole  products  of  this  operation,  when  carefully  con- 
ducted, are  water  and  protoxide  of  ntrogen,  both  the  nitric 
acid  and  the  ammonia  being  entirely  decomposed.  The 
nature  of  the  change,  which  is  produced  simply  by  heating 
the  salt,  will  be  readily  understood  from  the  following  for- 
mula: NO5,  NH,=2NO+3HO.  Every  atom  of  nitrate  of 
ammonia  yields  two  atoms  of  the  protoxide  and  three  atoms  of 
water. 

413.  Protoxide  of  nitrogen  is  a  colorless  gas,  with  a  sweetish 
taste  and  smell.  Recently  boiled  water  which  has  cooled  without 
exposure  to  the  air,  absorbs  nearly  its  own  bulk  of  it  at  60°  and 
gives  it  out  again  unchanged  by  boiling.  The  solution,  like 
the  gas  itself,  has  a  faint,  agreeable  odor,  and  sweet  taste.  The 
action  of  water  upon  it  affords  a  ready  means  of  testing  its 
purity ;  removing  it  readily  from  all  other  gases,  such  as  oxygen 
and  nitrogen,  which  are  sparingly  absorbed  by  that  liquid. 
For  the  same  reason  it  cannot  be  preserved  over  cold  water; 
but  should  be  collected  either  over  hot  water  or  mercury,  or 
water  saturated  with  common  salt. 

Protoxide  of  nitrogen  is  a  supporter  of  combustion.    Most 
substances  burn  in  it  with  far  greater  energy  than  in  the  atmo- 
sphere.   When  a  recently  extinguished  candle  with  a  very  red 
wick  is  introduced  into  it,  the  flame  is  instantly  restored. — 
•i  if  previously  kindled,  burns  in  it  with  great  bril- 
my  even  be  sublimed  in  it  without  change  if  it  has 
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not  previously  been  ignited.  Iron  wire  may  also  be  made  to 
burn  in  it  for  a  few  minutes,  but  not  so  readily  as  in  pure  oxy- 
gen. With  an  equal  bulk  of  hydrogen  it  tbrms  a  mixture 
which  explodes  violently  by  the  electric  spark  or  by  flame.  In 
all  these  cases,  the  product  of  the  combustion  is  the  same  as 
when  oxygen  gas  or  atmospheric  air  is  used.  The  protoxide  is 
decomposed ;  the  combustible  matter  unites  with  its  oxygen, 
and  the  nitrogen  is  set  free. 

As  100  cubic  inches  of  this  gas  weigh  47.22  grains,  its  specific 
gravity  must  be  about  1.52. 

414.  Davy  discovered  that  protoxide  of  nitrogen  may  be 
taken  into  the  lungs  with  safety,  and  that  it  supports  respira- 
tion for  a  few  minutes.  Its  action  on  the  system,  when  in- 
spired, is  very  remarkable.  A  few  deep  inspirations  are  fol- 
lowed by  the  most  agreeable  feelings  of  excitement,  similar  to 
the  earlier  stages  of  intoxication.  This  is  shown  by  a  strong 
propensity  to  laughter,  by  a  rapid  flow  of  vivid  ideas,  and  an 
unusual  disposition  to  muscular  exertion.  These  feelings,  how- 
ever, soon  subside ;  and  the  person  returns  to  his  usual  state 
without  experiencing  the  languor  or  depression  which  so  uni- 
versally follows  intoxication  from  spirituous  liquors.  Its  effects, 
however,  on  different  persons  are  various ;  and  in  individuals 
of  a  plethoric  habit,  it  sometimes  produces  giddiness,  headache, 
and  other  disagreeable  symptoms. 

415.  Binoxide  of  Nitrogen. — This  gas  was  discovered  by  Dr. 
Hales.  It  was  first  carefully  studied  by  Priestley,  who  called 
it  nitrous  air.  The  terms  nitrous  gas  and  nitric  oxide  are  fre- 
quently applied  to  it;  but  binoxide  of  nitrogen,  as  indicative  of 
its  nature,  is  the  most  suitable  appellation. 

It  is  best  obtained  by  the  action  of  nitric  acid  a  little  diluted, 
upon  metallic  copper  or  mercury.  Brisk  effervescence  takes 
place,  and  a  part  of  the  acid  is  decomposed,  each  atom  yielding 
3  atoms  of  oxygen  to  unite  with  the  metal,  and  1  atom  of  the 
binoxide,  the  oxide  of  copper  thus  formed  being  immediately 
taken  up  by  another  portion  of  the  acid.  From  4  atoms  of  nitric 
acid  and  3  of  copper,  there  are  formed  3  atoms  of  nitrate  of 
copper  and  1  atom  of  binoxide  of  nitrogen,  as  is  shown  by  the 
foUowing  formula :  4N05-f  Cu3=3(CuO,  N05)+N02. 

Fig.  69  represents  a  very  conve- 
nient apparatus  for  preparing*  this  as 
well  as  some  other  gases.  Into  the 
glass  vessel  a  put  some  clean  pieces 
of  metallic  copper,  and  then  introduce 
the  cover  through  which  passes  a 
glass  tube  6,  with  a  funnel  at  top  and 
extending  nearly  to  the  bottom  of  the 
vessel,  and  a  lead  tube  c  bent  at  right 
angles  to  convey  away  the  gas  as  it 
is  formed.  The  cover  must  fit  very 
accurately,  in  otdet  \»  ^t«nw\\.  Nina 
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escape  of  the  gas,  which  is  rapidly  formed  as  soon  as  a  little  dilate  nitrio 
acid  is  introduced  by  the  funnel  and  tube  b.    It  may  be  collected  over 

water. 

416.  Binoxide  of  nitrogen  is  a  colorless  gas,  but  its  taste 
and  odor  cannot  be  determined.  When  mixed  with  atmo- 
spheric air,  or  any  gaseot|s  mixture  that  contains  oxygen  in  an 
uncombined  state,  dense,  suffocating,  acid  vapors,  of  a  red  or 
orange  color,  are  produced,  called  nitrous  acid  vapors ;  which 
are  copiously  absorbed  by  water,  and  communicate  acidity  to 
it.  This  character  serves  to  distinguish  the  binoxide  from 
every  other  substance,  and  affords  a  convenient  test  of  the 
presence  of  free  oxygen.  Though  it  gives  rise  to  an  acid  by 
combining  with  oxygen,  binoxide  of  nitrogen  itself  does  not 
reddon  the  blue  color  of  vegetables ;  but  for  this  experiment,  the 
gas  must  be  previously  well  washed  with  water,  to  separate 
all  traces  of  nitrous  acid. — Water  absorbs  about  11  per  cent 
of  the  gas. 

Very  few  substances  are  capable  of  burning  in  binoxide  of 
nitrogen.  Burning  sulphur  and  a  lighted  candle  are  instantly 
extinguished  by  it.  Charcoal  and  phosphorus,  however,  if  in  a 
state  of  vivid  combustion  at  the  moment  of  being  immersed  in 
It,  burn  with  increased  brilliancy.  The  product  of  the  com- 
bustion is  carbonic  acid  in  the  former  case,  and  phos- 
phoric acid  in  the  latter,  nitrogen  being  separated  in  both 
instances. 

Binoxide  of  nitrogen  is  quite  irrespirable,  exciting  strong 
spasm  of  the  glottis,  as  soon  as  an  attempt  is  made  to  inhale  it 
The  experiment,  however,  is  a  dangerous  one ;  for  if  the  gas 
did  reach  the  lungs,  it  would  there  mix  with  atmospheric  air, 
and  be  converted  into  nitrous  acid  vapors,  which  are  highly 
irritating  and  corrosive. 

417.  From  the  invariable  formation  of  red-colored  acid  vapors, 
whenever  binoxide  of  nitrogen  and  oxygen  are  mixed  together, 
these  gases  detect  the  presence  of  each  other  with  great  cer- 
tainty; and  since  the  product  is  wjiolly  absorbed  by  water, 
either  of  them  may  be  entirely  removed  from  any  gaseous 
mixture  by  adding  a  sufficient  quantity  of  the  other. 

The  specific  gravity  of  this  gas  is  1  04,  100  cubic  inches 
weighing  32.14. 

418.  A  beautiful  experiment  illustrating  the  action  of  binoxide  of  nitrogen 
with  oxygen,  is  to  pass  up  a  current  of  oxygen  slowly  into  a  receiver  filled 
with  it  over  water  slightly  colored  with  solution  of  litmus.  The  oxygen 
combines  with  the  binoxide,  forming  nitrous  acid,  which  appears  in  dense 
orange-colored  fumes,  but  which  rapidly  disappears  again,  the  rise  of  the 
water  in  the  receiver  showing  the  absorption  which  is  taking  place,  and  the 
change  in  the  color  of  the  litmus  solution  indicating  the  formation  of  nitrous 
acid. 

419.  Hyponitrous  Acid. — This  acid  is  formed  by  adding  400  measures 
of  binoxide  of  nitrogen  to  100  measures  of  oxygen,  both  gases  quite  dry, 
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and  exposing  the  orangre-colored  fumes  thus  formed  to  a  cold  of  0°,  by 
which  it  is  condensed  into  a  liquid. 

Hyponitrous  acid  does  not  unite  directly  with  alkalies,  being  then  resolved 
principally  into  nitric  acid  and  binoxide  of  nitrogen ;  but  the  hyponitrites 
of  the  alkalies  and  alkaline  earths  may  be  obtained  by  beating  the  corre- 
sponding nitrates  to  a  gentle  red  heat ;  and  the  hyponitrite  of  the  oxide  of 
lead  is  formed  by  boiling  a  solution  of  the  nitrale  of  that  oxide  with  metallic 
lead. 

420.  Hyponitrous  acid  forms  with  water  and  sulphuric  acid  a  crystaline 
compound,  which  is  generated  in  large  quantity  during  the  manufacture  of 
sulphuric  acid,  and  the  production  of  which  is  an  essential  part  of  that  pro- 
cess. It  is  formed  whenever  moist  sulphurous  acid  gas  and  nitrous  acid 
vapor  are  intermixed,  being  instantly  deposited  in  the  form  of  white  acicular 
crystals ;  it  may  also  be  made  by  the  direct  action  of  anhydrous  nitrous 
and  strong  sulphuric  acid. 

421.  Nitrous  Acid. — This  acid  is  formed  by  mixing  together  binoxide  of 
nitrogen  and  oxygen ;  but  the  best  method  of  preparing  it  is  to  heat  the  dry 
nitrate  of  lead  to  redness  in  an  earthen  retort,  which  results  in  the  produc- 
tion of  oxide  of  lead,  oxygen,  and  nitrous  acid.  Thus,  PbO,  NO=Pb04- 
0-f-NO*.  On  receiving  the  oxygen  and  nitrous  acid  in  a  dry  glass  vessel 
surrounded  by  snow  and  salt,  the  acid  is  condensed  to  a  liquid,  while  the 
oxygen,  as  a  matter  of  course,  escapes. 

The  liquid  as  thus  obtained  is  anhydrous,  is  acid  and  pungent  to  the 
taste,  gives  a  yellow  stain  to  the  skin,  and  is  powerfully  corrosive.  At  com- 
mon temperatures  its  color  is  an  orange-red ;  but  it  becomes  yellow  when 
cooled  below  32^,  and  at  (P  is  nearly  colorless.  ltd  density  is  1.45.  It  is 
extremely  volatile,  boiling  at  82°:  in  a  stoppered  bottle  it  preserves  its 
liquid  form  at  common  temperatures ;  but  when  exposed  to  the  atmosphere 
it  is  rapidly  dissipated,  forming  nitrous  acid  vapors  which,  when  once  mixed 
with  air  or  other  gases,  require  intense  cold  for  condensation. 

In  the  form  of  vapor  this  acid  is  characterized  by  its  orange-red  color, 
acid  reaction  to  test  paper,  and  by  being  absorbed  by  water  with  disengage- 
ment of  binoxide  of  nitrogen  and  formation  of  nitric  acid.  It  is  quite  irre- 
spirable,  exciting  great  irritation  and  spasm  of  the  glottis,  even  when  mo- 
derately diluted  with  air.  A  taper  burns  in  it  with  considerable  brilliancy. 
It  extinguishes  burning  sulphur ;  but  the  combustion  of  phosphorus  con- 
tinues  in  it  with  great  vividness. 

422.  Nitrous  acid  is  a  powerful  oxydizing  agent,  readily  giving  oxygen 
to  the  more  oxydable  metals,  and  to  most  substances  which  have  a  strong 
affinity  for  it 

Nitrous  acid  when  pure  is  instantly  decomposed  by  contact  with  water, 
being  converted  into  nitric  acid  and  binoxide  of  nitrogen,  according  to  the 
following  formula:  3NO*=2N05-f  NO^. 

Nitric  Acid. — This  acid  may  be  formed  by  passing  a  succes- 
sion of  powerful  electric  sparks  through  a  mixture  of  oxygen 
and  nitrogen  confined  in  a  glass  tube  over  mercury,  a  little 
water  being  present. 

Nitric  acid  cannot  exist  in  an  insulated  state.  Binoxide  of 
nitrogen  and  oxygen  gases  never  form  nitric  acid  if  mixed 
together  when  quite  dry ;  and  nitrous  acid  vapor  may  be  kept 
in  contact  with  oxygen  gas  without  change,  provided  no  water 
is  present    The  most  simple  form  under  which  cUem\sl^  \\^\.^ 
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hitherto  procured  nitric  add  is  in  solution  with  water ;  a  I 
which,  in  its  concentrated  state,  is  the  nitric  acid  of  the  . 
macopeia.  By  manufacturers  it  is  better  known  by  the  i 
o(  aqua  furtia. 

423.  The  nitric  acid  of  commerce  is  produced  by  decompi 
some  salt  of  nitric  acid  by  means  of  oil  of  vitriol ;  and  con 
nitre,  as  the  cheapest  of  the  nitrates,  is  employed  for  the 
pose.  This  salt,  previously  well  dried,  is  put  into  a  glass  r< 
and  an  equal  weight  of  the  strongest  oil  of  vitriol  is  p( 
upon  it.  On  applying  heat,  ebullition  ensues,  owing  t( 
escape  of  nitric  acid  vapors,  which  must  be  collected  in  3 
receiver.  The  heat  should  be  steadily  increased  durini 
operation,  and  continued  as  long  aa  any  acid  vapors  ' 
over. 


idlpletc,  the  rece 
■Qrroanded  wilh  a  net-work,  and  water  from  a  pipe  i  fklls  canatantl; 

•T  less  colori 

I  portion  of  the  nitric  as  it  quits  the  potas     ,  .  _ 

commencement  and  close  of  the  operation,  nitrous  acid  1 
are  disengaged,  which  communicate  a  straw-yellow  < 
orange-red  tint,  according  to  their  quantity.  If  a  very  pah 
is  required,  two  receivers  should  be  used  ;  one  for  conde 
the  colorless  vapors  of  nitric  acid,  and  another  for  the  ct 

firoducts.  The  colored  acid  is  often  called  nitrous  acid; 
8  in  reajity  a  mixture  or  compound  of  nitric  and  nitrous  . 
similar  to  what  may  be  obtained  by  mixing  anhydrous  ni 
with  colorless  nitric  acid.  It  is  easy  to  convert  the  cor 
mixed  acid  into  colorless  nitric  acid,  by  exposing  the  fom 
B  gentle  heat  for  some  time,  when  all  the  nitrous  acid  w 
expelled.  But  this  process  is  rarely  necessary,  as  the  cc 
add  may  be  substituted  in  most  cases  for  that  which  is  ■ 
less.  Where  an  acid  of  great  strength  is  required,  the  f< 
is  even  preferable. 
Nitrate  of  soda  being  more  abundant  and  cheaper 
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kitrate  ofpolasaa,  U  oowgeneialif  lued  ia  the  lai^  maoa&c- 
lories  of  nitric  acid. 

'  Nitric  avid  fn^ueollj  cooUini  pottioiu  of  lolplHirie  uid  hjdnk 
Bliloiic  acid.  Tbe  lormer  i*  detiKd  ham  tlw  acid  wliidi  ii  DMd  in  tlia 
kKoceBs ;  and  the  Utlcr  Iroiii  gca-silt,  which  ii  rnquendj  miied  with  nitre. 
Brbese  impurilies  inij  easl/  be  delected  and  remoitii. 

i  426.  NitricacidpoasessesacidpropertiesinaneminentJegrw. 
[ts  specific  gravity  when  most  concentrated,  according  to  Kan*^ 
*  1 .52,  and  it  is  then  a  compound  of  1  eq.  of  nitric  acid  and  I 
>q.  of  water;  that  is,  it  contains  14.29  per  cent,  of  water.  Us 
boiling  point  is  187.  but  it  cannot  be  distilled  without  decwn- 
position.  Combined  with  water  in  the  ratio  of  1  eq.  of  acid  to 
4  eq.  of  water,  its  sp.  gr.  is  1.42,  and  it  boils  at  243°,  It  may 
then  be  distilled  without  change.  An  acid  of  lower  density 
Ihan  1-43  becomes  stronger  by  being  hi?ated,  because  (lie  water 
evaporates  more  rapidly  than  the  acid.  An  acid,  on  the  con- 
tjnu-y,  which  is  stronger  than  1.42,  is  weakened  by  the  appli- 
vation  of  heat. 

'  Strong  nitric  acid,  when  exposed  lo  the  atmos^ihere,  emits 
dense,  white  fumes,  which  are  exceedingly  sufibcallng.  Mixed 
jniddenly  with  water,  it  occasioos  a  considerable  rise  of  lem- 
berature;  but  mixed  with  snow,  it  produces  cold  by  the  rapid 
Bquefaction  which  is  occasioned. 

There  are  two  varieties  of  nitric  acid,  known  in  commerce  as 
^mgle  and  iLiubti  aqua  fortis,  both  of  which  are  much  diluted 
iWjSi  water;  the  strongest  ofthedouble  aqua  fortis,  it  Is  believed, 
seldom  possesses  a  specific  gravity  as  high  as  1.40, 

Mitric  acid  may  be  Irozen  by  cold.  The  temperature  at 
which  congelation  takes  place  varies  with  the  strength  of  the 
acid.  The  strongest  acid  freezes  at  about  5(P  below  zero. 
When  diluted  with  half  its  weight  of  water,  it  becomes  solid 
.  at  — 14°.  By  the  addition  of  a  little  more  water,  its  freezijig 
'Pirint  is  lowered  lo — 15^. 

Nitric  acid  acts  powerfully  on  substances  which  are  disposed 
to  unite  with  oxygen;  and  hence  it  is  much  employed  by 
chemists  for  bringing  bodies  to  their  maximum  of  oxyJation. 
Nearly  all  the  metals  are  oxydized  by  it;  and  some  of  them, 
Mich  tu  tin,  copper,  and  mercury,  are  attacked  with  great  vio 
Imce.  If  flung  on  burning  charcoal,  it  increases  the  brilliancy 
of  tts  combustion  in  a  hiwh  degree.  Sulphur  and  phosphorus 
are  converted  into  arids  by  its  action,  and  dry  warm  charcoal 
in  fine  powder  may  be  ignited  by  it,  and  oil  of  turpentine  in- 
flamed. But  it  is  very  seldom  that  nitric  acid  of  sufScient 
strength  for  this  purpose  can  be  procured  in  commerce,  but 
the  experimenter  will  be  under  the  necessity  of  preparing  it 
for  himself;  in  which  he  will  find  no  difficulty. 

iar.  There  are  some  singular  annmalies  in  the  nction  iif 
nitric  acid  on  the  metals,  the  causes  of  which  are  not  fully  iiii- 
deratood.    When  its  specific  gravity  is  1.4S,  it  may  be  brouglit 
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in  contact  with  tin  or  iron,  without  acting  upon  them  in  the 
least,  but  if  made  a  little  stronger  or  weaker  the  action  is  vio- 
lent ;  and  the  inactive  acid  may  be  rendered  active  by  various ' 
means,  as  by  simply  touching  the  immersed  metal  with  a  di^ 
ferent  one. 

428.  Nitric  acid  decomposes  all  vegetable  substances.  In 
general  the  oxygen  of  the  nitric  acid  enters  into  direct  combi-, 
nation  with  the  hydrogen  and  carbon  of  those  compouDds, 
forming  water  with  the  former,  and  carbonic  acid  with  the 
latter.  This  happens  remarkably  in  those  compounds  in  which 
hydrogen  and  carbon  are  predominant,  as  in  alcohol  and  the 
oils.  It  effects  the  decomposition  of  animal  matters  also.  The 
cuticle  and  nails  receive  a  permanent  yellow  stain  when  touched 
with  it ;  and  if  applied  to  the  skin  in  sufficient  quantity,  it  acts 
as  a  powerful  cautery,  destroying  the  organization  of  the  part 
entirely. 

429.  Gold-leaf  answers  well  in  most  cases  as  a  test  for  nitric 
acid.  The  substance  supposed  to  contain  it  is  mixed  with  a 
little  hydrochloric  acid,  and  the  mixture,  if  nitric  acid  is  really 
present,  should  then  be  capable  of  dissolving  the  leaf.  If  it  is 
a  salt  that  is  to  be  tested,  it  should  first  be  dissolved  in  water, 
and  the  solution  treated  in  the  same  manner  with  hydrochloric 
acid  and  gold-leaf. 

430.  A  very  delicate  test  has  been  proposed,  founded  on  the 
orange-red  followed  by  a  yellow  color,  which  nitric  acid  com- 
municates to  morphia.  The  supposed  nitrate  is  heated  in  a 
test-tube  with  a  drop  of  sulphuric  acid,  and  then  a  crystal  of 
morphia  is  added.  It  is  advisable  to  try  the  process  in  a  sepa- 
rate tube  with  the  sulphuric  acid  alone,  in  order  to  prove  the 
absence  of  nitric  acid. 

431.  Nitric  acid  is  much  used  in  the  arts  for  etching  on  cop- 
per, as  a  solvent  for  the  metals,  &c.,  and  as  a  tonic  in  medicine. 
In  the  laboratory  of  the  chemist,  it  is  in  constant  and  most 
important  use  in  a  great  variety  of  operations. 

NITROGEN    AND    HYDROGEN.  j 

432.  Ammonia  is  is  the  only  compound  of  nitrogen  and  hy- 
drogen which  has  been  obtained  in  a  separate  state ;  but  two  \ 
others  are  believed  to  exist  in  combination,  the  composition  of 
which  will  be  seen  in  the  following  table : 

Nitr,    Hydr.     Equiv.      Symbols, 

Hyduret  of  nitrogen  or  amide,  1  eq.+2eq. — 16.15=NHa  or  Ad 
Hyduret  of  amide  or  ammonia,  1  eq.-i-3  eq. — 17.15=NH3  "  AdH 
Ammonium 1  eq.44eq  — 18  15=NH4  "AdHj 

433.  Ammonia. — This  substance  has  been  long  known  under 
the  names  of  hartshorn^  spirits  of  hartshorn,  volatile  alkali, 
spirit  of  sal  ammoniac,  &c.  It  exists  in  a  state  of  purity  only 
ia  the  gaseous  form,  as  was  first  shown  by  Priestley. 
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The  most  convenient  method  of  preparing  ammoniacal  gas 
for  the  purposes  of  experiment,  is  by  applying  a  gentle  heat 
to  the  concentrated  solution  of  ammonia,  contained  in  a  glass 
vessel.  It  soon  enters  into  ebullition,  and  a  large  quantity  of 
pure  ammonia  is  disengaged. 

Ammonia  is  also  produced  in  nearly  all  reactions  in  which 
nitrogen  and  hydrogen  are  brought  together,  one  or  both  being 
in  the  nascent  state.  When  the  electric  spark  passes  through 
damp  air,  both  ammonia  and  nitric  acid  are  produced,  and 
whence  nitrate  of  ammonia  may  often  be  detected  in  rain  that 
^Is  during  a  thunder-storm. 

An  abundant  supply  of  ammoniacal  gas  may  be  obtained  by 
heating  a  mixture  of  equal  parts  of  hydrochlorate  of  ammonia 
and  dry  quicklime  recently  slaked. 

434.  Ammonia  is  a  colorless  gas,  which  has  a  strong  pungent 
odor,  and  acts  powerfully  on  the  eyes  and  nose.  It  is  quite 
irrespirable  in  its  pure  form,  but  when  diluted  with  air,  it  may 
be  taken  into  the  lungs  with  safety.  Burning  bodies  are  ex- 
tinguished by  it,  nor  is  the  gas  inflamed  by  their  approach. 
Ammonia,  however,  is  inflammable  in  a  low  degree;  for  when 
a  lighted  candle  is  immersed  in  it,  the  flame  is  somewhat  en- 
larged, and  tinged  of  a  pale  yellow  color  at  the  moment  of 
being  extinguished ;  and  a  small  jet  of  the  gas  will  burn  in  an 
atmosphere  of  oxygen.  A  mixture  of  ammoniacal  and  oxygen 
gases  detonates  oy  the  electric  spark;  water  being  formed,  and 
nitrogen  set  free.  A  little  nitric  acid  is  generated  at  the  same 
time,  except  when  a  smaller  quantity  of  oxygen  is  employed 
than  is  sufficient  for  combining  with  all  the  hydrogen  of  the 
ammonia. 

Ammoniacal  gas  at  the  temperature  of  50^  and  under  a  pres- 
sure equal  to  6.5  atmospheres,  becomes  a  transparent,  colorless 
liquid.  It  may  also  be  liquefied  under  the  ordinary  pressure 
of  the  atmosphere,  by  causing  a  current  of  it  to  pass  into  a 
small  receiver  kept  at  a  very  low  temperature  by  the  evapora- 
tion of  liquid  sulphurous  acid. 

435.  Ammonia  has  all  the  properties  of  an  alkali  in  a  very 
marked  manner.  Thus  it  has  an  acrid  taste,  and  gives  a  brown 
stain  to  turmeric  paper;  though  the  yellow  color  soon  reappears 
on  exposure  to  the  air,  owing  to  the  volatility  of  the  alkali.  It 
combines  also  with  acids,  and  neutralizes  their  properties  com- 
pletely. But  in  these  cases  it  is  now  believed  it  is  generally, 
if  not  always,  the  oxide  of  ammonium  (432)  that  unites  with  the 
acid,  and  not  the  ammonia  directly,  as  will  be  seen  hereafter. 

436.  Hydrogen  and  nitrogen  gases  do  not  unite  directly,  and 
therefore  chemists  have  no  synthetic  proof  of  the  constitution 
of  ammonia.  Its  composition,  however,  has  been  determined 
analytically  with  great  exactness.  When  a  succession  of  elec- 
tric sparks  is  passed  through  ammoniacal  gas,  it  is  resolved 
into  its  elements;  and  the  same  effect  is  produced  by  con- 

15 
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ducting  ammonia  through  porcelain  tubes  heated  to  redness. 
Ammonia  is  composed  of  100  vols,  of  nitrogen  united  with  300 
vols,  of  hydrogen,  and  the  whole  condensed  to  200  vols.  The 
specific  gravity  of  the  gas  is  therefore  0.59,  and  100  cubic 
inches  weigh  18.29  grs. 

In  consequence  of  its  great  affinity  for  water,  the  gas  must 
always  be  collected  over  mercury.  If  allowed  to  pass  into 
water  it  is  rapidly  absorbed  by  it,  and  the  solution  formed 
which  is  commonly,  though  very  incorrectly,  called  liquid  am' 
monia.  During  the  absorption  the  volume  of  the  water  is  in- 
creased and  the  temperature  much  raised,  unless  surrounded 
with  ice.  Water  at  32°  may  in  this  manner  be  made  to  absorb 
780  times  its  own  volume,  and  the  clear  colorless  solution  has 
a  specific  gravity  of  0.87.  It  possesses  the  peculiar  pungent 
odor,  taste,  alkalinity,  and  other  properties  of  the  gas  itself.  On 
account  of  its  great  volatility,  it  should  be  preserved  in  well- 
stopped  bottles,  a  measure  which  is  also  required  to  prevent  the 
absorption  of  carbonic  acid.  At  a  temperature  of  130°  it  enters 
into  ebullition,  owing  to  the  rapid  escape  of  pure  ammonia; 
but  the  whole  of  the  gas  cannot  be  expelled  by  this  means,  as 
at  last  the  solution  itself  evaporates.  It  freezes  at  about  the 
same  temperature  as  mercury,  which  is  — 39°. 

Fig.  71.  If  a  little  of  the  gas  is  desired,  in  conse- 

quence of  its  being  lighter  than  atmospheric 
air,  it  may  be  collected  quite  pure  in  an  in- 
verted jar  filled  merely  with  air,  as  repre* 
sented  in  figure  71.  As  soon  as  it  is  fiilled,  it 
must  be  corked  tightly  and  removed.  Its 
presence  may  always  be  detected  by  its  pun- 
gent odor,  and  by  the  dense  white  fumes  it 
I  /  ^   II      gives  with  hydrochloric  acid  gas. 

I         W^  ftt        437.  Ammonia  is  used  extensively  in  the 
^A^  JL     laboratory  of  the  chemist,  and  in  medicina 

™""™  Bssllii  Solution  of  ammonia  taken  internally  in 

considerable  quantity  has  been  known  to  produce  death ;  and 
the  gas,  if  inspired  too  long,  is  apt  to  produce  inflammation  in 
the  throat  and  lungs. 


SECTION  IV. 

CARBON. 

Symbol  C;  Equivalent  6,12. 

438.  Carbon,  though  rarely  met  with  pure  and  uncombinedv 
is  one  of  the  most  important  elements  in  nature;  its  various 
compounds  are  more  generally  and  abundantly  distributed  than 
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those  of  any  other  substance,  and  it  may  be  said  to  form  the 
basis  of  the  whole  organic  creation. 

439.  It  occurs  in  its  purest  form  in  the  diamond,  a  mineral  of 
unknown  origin,  found  usually  in  primitive  soils.  It  is  the  es- 
sential principle  of  every  variety  of  charcoal — ^the  black  mass 
left  formed  where  most  vegetable  and  animal  substances  are 
heated  to  redness  in  close  vessels.  Common  charcoal  contains 
about  3^th  of  its  weight  of  alkaline  and  earthy  salts,  which  con- 
stitutes the  ashes  after  its  combustion.  Coke  is  the  charcoal 
from  bituminous  coal ;  ivory  black  or  animal  charcoal  is  that 
from  ivory  or  bones,  and  lamp-black  from  rosin.  Very  pure 
charcoal  may  be  prepared  from  alcohol,  turpentine,  gum,  sugar, 
starch,  &c. 

440.  Carbon,  as  it  exists  crystalized  in  the  diamond,  is  the 
hardest  substance  known  in  nature.  Its  primary  form  is  the 
regular  octohedron.  Its  specific  gravity  is  3.52.  It  resists  the 
action  of  both  acids  and  alkalies ;  and  bears  the  most  intense 
heat  in  close  vessels  without  fusing  or  undergoing  any  per- 
ceptible change.  Heated  to  redness  in  the  open  air,  it  is 
entirely  consumed. 

Newton  first  suspected  it  to  be  combustible,  from  its  great 
refractive  power ;  and  the  feet  was  afterwards  proved  by  La- 
voisier, by  throwing  upon  it,  in  a  receiver  of  oxygen  gas,  the 
focus  of  a  powerful  lens.  The  diamond  was  entirely  con- 
sumed, oxygen  disappeared,  and  carbonic  acid  was  generated, 
just  as  woi3d  have  been  the  case  had  the  same  weight  of 
charcoal  been  consumed  instead  of  the  diamond.  The  same 
experiment  has  since  oft;en  been  repeated  with  the  same 
results. 

441.  Charcoal,  as  obtained  from  wood,  is  hard  and  brittle, 
conducts  heat  very  slowly,  but  as  usually  prepared,  at  a  high 
temperature,  is  a  very  good  conductor  of  electricity.  If  it  is 
prepared  by  heating  in  close  vessels,  at  a  temperature  not  ex- 
ceeding the  boiling  point  of  mercury,  till  vapors  cease  to  rise, 
it  is  said  to  possess  properties  In  many  respects  quite  different, 
being  then  a  non-conductor  of  electricity,  and  producing  flame 
during  combustion. 

442.  Prepared  in  either  manner  it  is  quite  insoluble  in  water, 
is  attacked  with  difficulty  by  nitric  acid,  and  is  little  affected 
by  any  of  the  other  acids,  or  by  the  alkalies.  It  undergoes 
little  change  from  exjposure  to  air  and  moisture,  being  less 
injured  under  these  circumstances  than  wood.  It  is  exceed- 
ingly refractory  in  the  fire,  if  excluded  from  the  air,  supporting 
the  most  intense  heat  without  change. 

443.  Charcoal  possesses  the  property  of  absorbing  a  large 
quantity  of  air  or  other  gases  at  common  temperatures,  and  of 
yielding  the  greater  part  of  them  again  when  it  is  heated.  Dif- 
ferent gases  are  absorbed  by  it  in  different  proportions;  thus 
while  charcoal  from  boxwood  absorbs  in  the  space  of  forty-eight 
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hours  90  times  its  own  volume  of  ammoniacal  gas,  85  of  hydro- 
chloric, and  35  of  carbonic  acid,  and  olefiant  gas,  it  will  in  the 
same  time  take  up  only  7.5  times  its  volume  of  nitrogen  and 
1.75  of  hydrogen. 

444.  The  cause  of  this  absorbing  power  of  charcoal  is  not 
understood;  it  varies  greatly  in  dinerent  varieties  of  charcoal, 
and  in  plumbago  and  anthracite  is  entirely  wanting. 

445.  Recently  burned  charcoal  absorbs  air  and  moisture  so 
rapidly  for*  a  few  days  as  materially  to  increase  its  weight.  la 
one  instance,  charcoal  from  fir  was  found  to  have  gained  in 
one  week's  exposure,  13  per  cent. ;  that  from  lignum  tritce,  9.6; 
that  from  box,  14;  from  beech,  16.3;  from  oak,  16.5;  and  from 
mahogany,  18.  The  absorption  is  most  rapid  during  the  first 
twenty-four  hours.  The  substance  absorbed  is  both  water  and 
atmospheric  air,  which  the  charcoal  retains  with  such  force, 
that  it  cannot  be  completely  separated  from  them  without  expo- 
sure to  a  red  heat. 

446.  Charcoal  likewise  absorbs  the  odoriferous  and  coloring 
principles  of  most  animal  and  vegetable  substances.  When 
colored  infusions  of  this  kind  are  digested  with  a  due  quantity 
of  charcoal,  a  solution  is  obtained,  which  is  nearly  if  not  quite 
colorless.  Tainted  flesh  may  be  deprived  of  its  odor  by  this 
means,  and  foul  water  be  purified  by  filtration  through  char- 
coal. The  substance  commonly  employed  to  decolorize  fluidd 
is  animal  charcoal  reduced  to  a  fine  powder.  It  loses  the  pro- 
perty of  absorbing  coloring  matters  by  use,  but  recovers  it  by 
being  heated  to  redness. 

447.  Charcoal  is  highly  combustible.  When  strongly  heated 
in  the  open  air,  it  takes  fire  and  burns  slowly.  In  oxygen  gas, 
its  combustion  is  lively,  and  accompanied  with  the  emission  of 
sparks.  In  both  cases  it  is  consumed  without  flame  and 
smoke;  and  carbonic  acid  gas  is  the  product  of  its  combustion. 

If  some  one  or  two  tons  of  charcoal  in  fine  powder  are  placed 
in  a  single  heap,  it  is  said  it  will  almost  certainly  take  fire 
spontaneously,  but  the  cause  has  not  been  explained. 

448.  Graphite  or  plumbago,  called  also,  very  improperly^ 
black  lead,  is  carbon  in  a  mineralized  state,  containing  usually 
about  5  per  cent,  of  iron.  Some  doubt  has  been  entertained 
whether  it  should  be  considered  a  chemical  compound  of  these 
substances  or  not,  but  the  probability  is  it  is  a  peculiar  form  of 
carbon,  the  iron  and  other  impurities  contained  in  it  being 
merely  accidental.    It  is  often  found  crystalized  in  thin  scales. 

Carbon  is  used  as  fuel ;  in  forming  gunpowder ;  as  a  pig» 
ment;  in  the  formation  of  steel;  as  a  polishing  powder;  and 
in  medicine  as  an  antiseptic,  Sec.  &c. 

CARBON    AND    OXYGEN. 

The  only  compounds  of  carbon  and  oxygen  known  are  the 
two  following,  viz : 
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Carbon,    Oxygen,        Emtiv,     SymhoU 

Carbonic  oxide I  eq.  +  1  eq 14.12. . .  .CO 

Carbonic  acid 1  eq.  -f  2  eq. 22.12. . .  .CO^ 

449.  Carbonic  Oxide  or  Protoxide  of  Carbon, — This  sub- 
stance in  a  state  of  purity  has  been  obtained  only  in  the  gase- 
ous form.  There  are  various  methods  of  preparing  it,  but  one 
only  will  be  described.  When  equal  parts  of  well-dried  chalk 
in  fine  powder  and  iron  filings  are  thoroughly  mixed,  and  ex- 
posed to  a  red  heat  in  a  gun-barrel,  a  large  quantity  of  gaseous 
matter  paisses  over,  which,  after  washing  it  well  with  lime- 
water  or  solution  of  potassa  to  separate  it  from  carbonic  acid, 
a  compound  to  be  next  described,  is  found  to  be  very  pure 
carbonic  oxide.  The  chalk,  which  is  a  carbonate  of  lime,  when 
heated  to  redness  gives  off  its  carbonic  acid,  but  the  red-hot 
iron  being  present,  instantly  absorbs  one  equivalent  of  its 
oxygen,  and  thus  forms  carbonic  oxide.  The  changes  are 
iUustrated  by  symbols,  as  follows:  Fe+CaO,  COa=FeO-f-CaO 
+CO. 

Carbonic  oxide  ^as  is  colorless  and  insipid.  It  is  neither 
acid  nor  alkaline ;  is  sparingly  absorbed  by  water,  but  does 
not  render  lime-water  turbid  like  carbonic  acid. 

Carbonic  oxide  is  inflammable.  When  a  lighted  taper  is 
plunged  into  a  jar  full  of  that  gas,  the  taper  is  extinguished; 
out  the  gas  itself  is  set  on  fire,  and  burns  calmly  at  its  surface 
with  a  lambent  blue  flame. 

The  blue  flame  which  is  seen  playing  over  ignited  charcoal 
is  caused  by  the  combustion  of  this  gas. 

Carbonic  oxide  gas  cannot  support  respiration.  It  acts  inju- 
riously on  the  system;  for  if  diluted  with  air,  and  taken  into 
the  lungs,  it  very  soon  occasions  headache  and  other  unpleasant 
feelings ;  and  when  breathed  pure,  it  almost  instantly  causes 
profound  coma. 

450.  A  mixture  of  carbonic  oxide  and  oxygen  gases  may  be 
made  to  explode  by  flame,  by  a  red-hot  solid  body,  or  by  the 
electric  spark. 

Carbonic  oxide  is  composed  of  one  equivalent  of  carbon 
united  with  one  equivalent  of  oxygen.  Its  specific  gravity  is 
0.97.    Hence  100  cubic  inches  should  weigh  30.08  grs. 

451.  Carbonic  Add. — This  substance  was  discovered  by 
Black,  in  1757,  and  described  by  him  in  his  inaugural  disserta- 
tion on  magnesia,  under  the  name  ot  fixed  air.  He  observed 
the  existence  of  this  gas  in  common  limestone  and  magnesia, 
and  found  that  it  may  be  expelled  from  these  substances  by 
the  action  of  heat  or  acids.  He  also  remarked  that  the  same 
gas  is  formed  during  respiration,  fermentation,  and  combus- 
tion. Its  composition  was  first  demonstrated  synthetically  by 
Lavoisier,  who  burned  carbon  in  oxygen  gas,  and  obtained 
carbonic  acid  as  the  product. 

Carbonic  acid  is  most  conveniently  prepared  for  the  pur- 
15* 


174  MANUAL    OF    CHEMISTRY. 

poses  of  experiment  by  the  action  of  hydrochloric  acid,  dilated 
with  two  or  three  times  its  weight  of  water,  on  fragments  of 
marble,  when  the  hydrochloric  acid  takes  the  lime,  and  car- 
bonic acid  gas  escapes  with  effervescence. 

Carbonic  acid,  as  thus  procured,  is  a  colorless,  inodoroua^' 
elastic  fluid,  which  possesses  all  the  physical  characters  of  thci 
gases  in  an  eminent  degree,  and  requires  a  pressure  of  thirtj- 
six  atmospheres  at  32^  to  condense  it  into  a  liquid.  Its  specific 
gravity  1.52,  and  100  cubic  inches,  therefore,  weigh  47.14  gra 
The  sp.  gr.  of  the  liquid  at  32°  is  0.83,  water  being  1,  but  it 
dilates  remarkably  by  heat,  its  expansion  being  more  than  4 
times  as  great  as  that  of  the  gases.  Heated  from  32^  to  86^ 
its  elasticity  increases  from  36  atmospheres  to  73,  being  aboat 
0.68  of  an  atmosphere  for  each  degree.  A  jet  of  the  liquid  being 
allowed  to  escape  in  the  air  evaporates  with  great  rapidity 
and  produces  such  intense  cold  that  a  part  of  it  is  frozen  (ri}). 

452.  Carbonic  acid  extinguishes  burning  substances  of  idl 
kinds,  and  the  combustion  does  not  cease  from  the  want  of 
oxygen  only.  It  exerts  a  positive  influence  in  checking  com- 
bustion, as  appears  from  the  fact  that  a  candle  cannot  burn  in 
a  gaseous  mixture  composed  of  four  measures  of  atmospheric 
air  and  one  of  carbonic  acid. 

453.  It  is  not  better  qualified  to  support  the  respiration  of 
animals ;  for  its  presence,  even  in  moderate  proportion,  is  soon 
fatal.  An  animal  cannot  live  in  air  which  contains  sufficient 
carbonic  acid  for  extinguishing  a  lighted  candle;  and  hence 
the  practical  rule  of  letting  down  a  burnfng  taper  into  old  wells 
or  pits  before  any  one  ventures  to  descend.  If  the  light  is  ex- 
tinguished, the  air  is  certainly  impure ;  and  there  is  generally 
thought  to  be  no  danger,  if  the  candle  continues  to  burn.  But 
some  instances  have  been  known  of  the  atmosphere  being  suf-^ 
ficiently  loaded  with  carbonic  acid  to  produce  insensibility,  and 
yet  not  so  impure  as  to  extinguish  a  burning  candle.  When 
an  attempt  is  made  to  inspire  pure  carbonic  acid,  violent  spasm 
of  the  glottis  takes  place,  which  prevents  the  gas  from  entering 
the  lungs.  If  it  be  so  much  diluted  with  air  as  to  admit  of  its 
passing  the  glottis,  it  then  acts  as  a  narcotic  poison  on  the 
system.  It  is  this  gas  which  has  so  often  proved  destructive 
to  persons  sleeping  in  a  confined  room  with  a  pan  of  burning 
charcoal. 

454.  It  is  quite  incombustible,  and  cannot  be  made  to  unite 
with  an  additional  portion  of  oxygen.  It  is  a  compound,  there- 
fore, in  which  carbon  is  in  its  highest  degree  of  oxydation. 

Lime-water  becomes  turbid  when  brought  into  contact  with 

carbonic  acid.   The  lime  unites  with  the  gas,  forming  carbonate 

of  lime,  which,  from  its  insolubility  in  water,  at  first  renders 

the  solution  milky,  and  afterwards  forms  a  white  flaky  precipi- 

tate.    Hence  lime-water  is  not  only  a  valuable  test  of  the 
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presence  of  carbonic  acid,  but  is  frequently  used  to  withdraw 
it  altogether  from  any  gaseous  mixture  that  contains  it. 

Recently  boiled  water  dissolves  its  own  volume  of  carbonic 
acid  at  the  common  temperature  and  pressure;  but  it  will  take 
up  much  more  if  the  pressure  be  increased.  The  quantity  of 
the  gas  absorbed  is  in  exact  ratio  with  the  compressing  force; 
that  is,  water  dissolves  twice  its  volume  when  the  pressure 
is  doubled,  and  three  times  its  volume  when  the  pressure  is 
trebled. 

455.  Soda  fountains,  as  they  are  called,  consist  simply  of 
water  under  strong  pressure  thus  impregnated  with  carbonic 
acid,  a  large  portion  of  which  of  course  escapes  as  soon  as  the 
water  comes  into  the  open  air,  producing  the  violent  effer- 
vescence which  is  witnessed.  Soda  powders,  often  used  to 
produce  an  agreeable  drink  in  the  absence  of  a  soda  fountain, 
consist  of  bicarbonate  of  soda  and  tartaric  acid,  which,  when 
mingled  together  in  solution,  produce  by  chemical  action  tar- 
trate of  soda,  the  carbonic  acid  passing  off  into  the  air,  with 
effervescence. 

The  effervescence  which  takes  place  on  opening  a  bottle  of 
ginger-beer,  cider,  or  brisk  champaigne,  is  owing  to  the  escape 
of  carbonic  acid  gas.  Water,  which  is  fully  saturated  with 
carbonic  acid  ^s,  sparkles  when  it  is  poured  from  one  vessel 
into  another.  The  solution  has  an  agreeably  acidulous  taste, 
and  gives  to  litmus  paper  a  red  stain,  which  is  lost  on  exposure 
to  the  air.  On  the  addition  of  lime-water  to  it,  a  cloudiness  is 
produced,  which  at  first  disappears,  because  the  carbonate  of 
lime  is  soluble  in  excess  of  carbonic  acid ;  but  a  permanent 
precipitate  ensues  when  the  free  acid  is  neutralized  by  an  addi- 
tional quantity  of  lime-water.  The  water  which  contains  car- 
bonic acid  in  solution  is  wholly  deprived  of  the  gas  by  boiling. 
Removal  of  pressure  from  its  surface  by  means  of  the  air-pump 
has  a  similar  effect. 

The  agreeable  pungency  of  beer,  porter,  and  ale,  is  in  a 
great  measure  owing  to  the  presence  of  carbonic  acid;  by 
the  loss  of  which,  on  exposure  to  the  air,  they  become  stale. 
All  kinds  of  spring  and  well  water  contain  carbonic  acid  ab- 
sorbed from  the  atmosphere,  and  to  which  they  are  partly 
indebted  for  their  pleasant  flavor.  Boiled  water  has  an  insipid 
taste,  from  the  absence  of  carbonic  acid. 

456.  Carbonic  acid  is  always  present  in  the  atmosphere,  even 
at  the  summit  of  the  highest  mountains,  or  at  a  distance  of 
several  thousand  feet  above  the  ground.  Its  presence  may  be 
demonstrated  by  exposing  lime-water  in  an  open  vessel  to  the 
air,  when  its  surface  will  soon  be  covered  with  a  pellicle,  which 
is  carbonate  of  lime.  But  though  constantly  supplied  by  various 
natural  operations,  the  quantity  is  not  increased. 

457.  This  gas  sometimes  collects  in  large  quantities  in  mines, 
and  is  called  choke  damp.  It  is  probably  in  most  cases  produced 
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by  decaying  vegetable  matter.    Sometimes  it  collects  in  this 
manner  in  wells. 

458.  For  this  reason  a  person  should  never  descend  into  a  well  or  enter 
a  cavern  without  first  taking  measures  to  ascertain  the  state  of  the  atmd. 
sphere  contained  in  it  To  determine  this  in  a  well,  a  lighted  candle  may 
be  let  down  by  means  of  a  rope,  which  will  be  extinguished  if  there  is 
enough  carbonic  acid  present  to  cause  any  danger  (453).  If  the  candle  is  extin- 
guished, the  air  must  be  purified  before  it  can  be  entered,  by  letting  down 
a  quantity  of  recently  slacked  lime,  by  which  the  carbonic  acid  is  rapidly 
absorbed,  or  it  may  bo  ventilated  by  means  of  ignited  charcoal,  let  down  in 
an  iron  basin.  The  heat  of  the  burning  charcoal  produces  ascending  cur- 
rents in  the  impure  air,  by  which  it  will  at  length  be  removed  and  its  place 
supplied  by  fresh  air  from  the  open  atmosphere. 

CARBON    AND    HYDROGEN. 

459.  Chemists  have  for  several  years  been  acquainted  with 
two  distinct  compounds  of  carbon  and  hydrogen,  viz.,  carbu- 
retted  hydrogen  and  olefiant  gas ;  but  late  researches  have  en- 
riched the  science  with  several  other  compounds  of  a-  similar 
nature,  to  which  much  interest  is  attached.  They  are  remarka- 
ble for  their  number;  for  supplying  some  instructive  instances 
of  isomerism  (342) ;  and  for  their  tendency  to  unite  with  and 
even  neutralize  powerful  acids,  though  in  an  uncombined  state 
they  manifest  no  signs  of  alkalinity.  SeveraUof  them  exhibit 
in  their  combinations  with  other  substances  many  of  the  charac- 
teristics of  elements,  and  have  hence  been  called  compound 
radicals.  These  will  be  described  in  organic  chemistry,  where 
they  properly  belong,  so  far  as  they  come  within  the  object  of 
the  work.  At  present  the  two  following  only,  will  be  intro- 
duced. 

Hydrogen,      Carbon,     Equiv,     SymhoL 

Light  carburetted  hydrogen . . .  .2  eq.  +  1  eq. —  8  12...  .HaC 
Olefiant  gas 4  eq.  -f  4  eq.— 28.48. . .  .H4C4 

460.  Light  Carburetted  Hydrogen, — This  gas  is  sometimes 
called  heavy  inflammable  air,  the  inflammable  air  of  marshes, 
and  hydrocarmret.  Agreeably  to  the  principles  of  the  chemical 
nomenclature,  taking  carbon  as  the  electro-negative  element, 
it  is  a  dicarburet  of  hydrogen ;  but  it  is  generally  termed  light 
carburetted  hydrogen.  It  is  formed  abundantly  in  stagnant 
pools  during  the  spontaneous  decomposition  of  dead  vegetable 
matter ;  and  it  may  readily  be  procured  by  stirring  the  mud  at 
the  bottom  of  them,  and  collecting  the  gas  as  it  escapes  in  an 
inverted  glass  vessel.  In  this  state  it  is  found  to  contain  ^^^th 
of  carbonic  acid  gas,  which  may  be  removed  by  means  of  lime- 
water  or  a  solution  of  pure  potassa,  and  y^th  or  V^th  of  nitro- 
gen.   This  is  the  only  convenient  method  of  obtaining  it. 

461.  Light  carburetted  hydrogen  is  tasteless  and  nearly  in- 
odorous, and  it  does  not  change  the  color  of  litmus  or  turmeric 
paper.  Water  absorbs  about  ^th  of  its  volume.  It  extinguishes 
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all  burning  bodies,  and  is  unable  to  support  the  respiration  of 
animals.  It  is  highly  inflammable;  and  when  a  jet  of  it  is  set 
on  fire,  it  burns  with  a  yellow  flame,  and  with  a  much  stronger 
light  than  is  occasioned  by  hydrogen  gas.  With  a  due  propor- 
tion of  atmospheric  air  or  oxygen  gas,  it  forms  a  mixture  which 
detonates  powerfully  with  the  electric  spark,  or  by  the  contact 
of  flame.  The  sole  products  of  the  explosion  are  water  and 
carbonic  acid. 

The  specific  gravity  of  this  gas  is  0.56,  and  of  course  100 
cubic  inches  weigh  17.37  grains. 

462.  Light  carburetted  hydrogen  is  not  decomposed  by  elec- 
tricity, nor  by  being  passed  through  red-hot  tubes,  unless  the 
temperature  is  very  intense,  in  wliich  case  some  of  the  gas  does 
sufier  decomposition,  each  volume  yielding  two  volumes  of 
pure  hydrogen  gas  and  a  deposite  of  charcoal. 

463.  This  gas  is  the  fire-damp  of  coal  mines,  into  which  it 
often  issues  in  large  quantities  from  between  the  beds  of  coal ; 
and  by  collecting  therein  consequence  of  deficient  ventilation, 
and  gradually  mixing  with  atmospheric  air,  forms  an  explosive 
mixture.  The  first  unprotected  light  which  then  approaches 
sets  fire  to  the  whole  mass,  and  an  explosion  ensues.  These 
accidents,  which  were  formerly  so  frequent  and  so  fatal,  are 
now  comparatively  rare,  owing  to  the  employment  of  the  safety 
lamp. 

For  this  lamp  we  are  indebted  to  Davy,  who,  in  his  experi- 
ments that  led  to  its  invention,  discovered  that  this  gas  when 
mingled  with  atmospheric  air  forms  an  explosive. mixture,  pro- 
vided it  constitutes  not  less  than  -j^th,  nor  more  than  Jth  of  the 
whole  volume,  but  that  the  flame  is  not  communicated  through 
small  tubes,  or  fine  wire  gauze. 

Fig.  72.  This  effect  of  wire  gauze  in  arrest- 

ing flame  may  be  familiarly  shown 
by  holding  a  piece  of  it  b  over  the 
flame  of  a  candle  a,  in  the  manner 
represented  in  figure  72.  The  com- 
bustible gases,  it  will  be  seen,  pass 
unconsumed  through  the  gauze,  and 
may  be  kindled  on  the  upper  side  d. 
If  a  piece  of  camphor  is  placed  on 
the  metallic  gauze  and  held  over 
the  lamp,  it  will  melt  and  vaporize ; 
but  as  it  melts,  a  part  will  filter  through  the  gauze  and  take 
fire,  producing  a  sheet  of  flame  in  contact  with  the  lower  sur- 
face ;  but  above,  the  vapor  of  camphor  will  be  perfectly  pro- 
tected, though  it  continues  all  the  while  to  mix  with  the  air. 

464.  These  principles  being  established,  it  is  plain,  if  a  com- 
mon oil  lamp  be  completely  surrounded  with  a  cage  of  such 

fauze,  it  may  be  introduced  into  an  explosive  atmosphere  of 
re-damp  and  air,  without  kindling  the  mixture.    This  simple 
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^f-  n.       contrivance,  which  is  appropriately  termed  the 
aafety-lamp,  not  only  prevents  esplosion,  but  in- 
dicates the  precise  moment  of  danger.    When  tlie 
lamp  is  carried  into  an  atmosphere  charged  with 
fire-damp,  the  flame  begins  to  enlarge;  and  tbt 
mixture,  if  highly  explosive,  takes  fire  as  soon  at 
it  has  passed  through  the  gauze,  and  burns  on  iU 
inner  surface,  while  the  light  in  the  centre  of  tbe 
lamp  is  extinguished.   Whenever  this  appearance 
is  observed,  tl:e  miner  must  instantly  withdraw; 
for  though  the  flame  should  not  be  able  to  comma-  [ 
nicate  with  the  explosive  mixture  on  the  outside    . 
of  the  lamp,  as  long  as  the  texture  of  the  gauK    - 
remains  entire,  yet  the  heat  emitted  during  tiw    ^ 
combustion  is  so  ^eat,  that  the  wire,  if  exposed 
to  it  for  a  few  mmutea,  would  suffer  oxydation, 
and  fall  to  pieces. 
The  accompanying  figure  of  the  safety-lamp 
"J  needs  no  additions!  explanation. 

465.  The  opention  of  tbe  lamp  may  b«  abown  qniH 
rell,  bir  pourinf  B  Utile  lalpfauric  etbei  iato  ■  commoa 
glan  reeeiver,  which  should  be  inTerted  uid  iBitaled  ■  lit-    ■ 
tic,  so  that  it  may  be  GUed  with  a  mixlure  of  air  and  npor 
of  ether,  and  then  letting  the  lighted  lam  p  down  into  iL 
The  mijlurc  of  lir  and  vapor  of  ether  enteiing  through  the  gauie,  bnnu    I 
brillijiitly  within  the  giuw,  Inil  tbe  &ime  ii  not  commuuicated  to  that    I 
without.  I 

466.  The  pcr.uiiar  opeialioo  of  unill  tubes  or  wire  giuie,  in  obatnictiitg  ' 
tbe  paua{;G  of  flame,  hai  been  attributed  to  tbe  csoling  of  the  beated  n* 
by  Ibe  conducting  power  of  the  ntelal.  Flame  ia  gaeeoui  matter  heated  ao 
inlcnscty  as  to  be  luminoua,  and  tbe  temperature  necessary  lor  producing 
(bia  clfect  is  very  high,  even  abore  tbe  while  heal  of  solid  bodies,  which, 
tberofbrc,  even  in  uiis  elate,  produce  upon  it  a  cooling  eOecL  Codk- 
quently,  when  flame  comes  in  contact  with  fine  wire  gtnze,  its  tempentDra 
ia  so  reduced  that  cambQsticHi  ceue*  and  tbe  gases  pua  on  unchanged. 

This  eiptanation  bas  been  quealiMied,  though  it  ia  believed  no  better  ooa 
has  been  proposed  in  iti  place. 

4GT.  These  principles  suggest  tbe  conditiona  noder  which  Davy's  lamp 
would  cease  to  be  sale.  If  a  larmt  with  its  gauie  rcd.bot  be  exposed  to  a 
earrnit  of  ciploaive  miiture,  the  Some  may  possibly  poaa  so  rapidly  as  not 
to  be  cooled  Inlaw  the  point  of  ignitirat,  and  in  tbnt  case  an  accident  might 
occur  with  a  lampwbidi  would  be  quite  aafii  in  n  calm  aUnoBphere.  It  has 
been  lately  shown  that  flsme  in  this  way  may  be  made  to  pasa  through  the 
)rthee-'^--' ' '      ""-' '- 


gauze  of  the  aafety.Ian 


imonly  construcled.    This  [ 


obTtoua  modeof  avoiding  such  sn  evil  is  to  diminish  the  apertures  of  the  gauie; 
but  this  remedy  ia  nearly  impracticable,  from  the  obslacle  which  very  line 
gtaze  CBUses  to  tbe  diSVisicm  of  light  A  better  method  is  to  surround  the 
common  lafely-lamp  with  •  glass  cylinder,  allowing  air  to  enter  solely  at 
the  bottom  or  the  lamp,  through  wire  ganza  of  extreme  fineness,  placed 
Wizontally,  and  to  escape  allM  lop  by  aroi-'' 
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468.  Olefiant  Gas  or  Hudrurei  of  Carbon. — This  gas  has  also 
been  called  bicarburettea  or  percarbureited  hydrogen.  It  was 
discovered  in  1796,  by  some  associated  Dutch  chemists,  who 
gave  it  the  name  of  oUJiant  gas,  from  its  property  of  forming 
an  oil-like  liquid  with  chlorine. 

Olefiant  gas  is  prepared  by  mixing  in  a  capacious  retort  one 
part  of  alcohol  with  four  of  concentrated  sulphuric  acid,  and 
heating  the  mixture,  as  soon  as  it  is  made,  by  means  of  a  lamp  or 
ignited  charcoal  The  acid  soon  acts  upon  the  alcohol,  eflferves- 
cence  ensues,  and  olefiant  gas  passes  over,  mixed  with  other 
substances,  chiefly  sulphurous  acid,  from  which  it  may  be  puri- 
fied by  washing  it  with  solution  of  lime  or  caustic  potassa. 

469.  Olefiant  gas  is  a  colorless  elastic  fluid,  which  when  pure 
has  no  taste  and  scarcely  any  odor.  Water  absorbs  about  one- 
eighth  of  its  volume.  Like  the  preceding  compound  it  extin- 
guishes flame,  is  unable  to  support  the  respiration  of  animals, 
and  is  set  on  fire  when  a  l^hted  candle  is  presented  to  it,  burn- 
ing slowly,  with  the  emission  of  a  dense  white  light  With  a 
proper  quantity  of  oxygen  gas,  it  forms  a  mixture  which  may 
be  kindled  by  flame  or  the  electric  spark,  and  which  explodes 
idth  great  violence.  To  burn  it  completely,  it  should  be  deto- 
nated with  four  or  five  times  its  volume  of  oxygen. 

It  is  composed  of  4  equivalents  of  carbon  combined  with  4 
eg.  dT  hydrogen,  but  1  eq.  of  the  hydrogen  is  in  a  different  state 
or  combination  fi-om  the  rest  Its  sp.  gr.  is  0.98,  and  100  cubic 
inches  weigh  30.41  grs. 

Chlorine  acts  powerfully  on  olefiant  gas ;  and  when  the  gases 
are  mixed  together  in  the  ratio  of  two  measures  of  the  former 
to  one  of  the  latter,  they  form  a  mixture  which  takes  fire  on 
the  approach  of  flame,  and  which  burns  rapidly  with  formation 
of  hydrochloric  acid  gas,  and  deposition  of  a  large  quantity  of 
charcoal.  But  if  the  gases  are  allowed  to  remain  at  rest  after 
beUig  mixed  together,  the  chlorine,  instead  of  decomposing  the 
olefiant  gas,  enters  into  direct  combination  with  it,  and  a  yel- 
low liquid  like  oil  is  generated,  which  will  be  described  hereafter. 

Olefiant  gas,  when  a  succession  of  electric  sparks  is  passed 
through  it,  is  resolved  into  charcoal  and  hydrogen ;  and  the 
latter  of  course  occupies  twice  as  much  space  as  the  gas  from 
which  it  was  derived.  It  is  also  decomposed  by  transmission 
through  red-hot  tubes  of  porcelain* 

CARBON    AND    NITROGEN. 

470.  There  are  two  compounds  of  these  substances,  cyano- 
gen, and  mellon,  besides  paracyanogen,  which  is  isomeric  with 
cyanogen. 

Carbon,  Nitrogen,     Equiv.  Symbols. 

Cyanogen 2  eq.  +  1  eq.  —   26.39  —  C  .N    or  Cy 

Mellon 6  eq.  +  4  eq.  —   93.32  —  CeN4  or  Ml 

Paracyanogen 8  eq.  -f  4  eq.  —  105.56  —  C^N  ^ 
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Bicarhuret  of  Nitrogen  or  Cyanogen* — This  gas,  the  disco- 
very of  which  was  made  in  1815,  by  Gay-Lussac,  is  prepared 
by  heating  carefully  dried  bicyanuret  oi  mercury  in  a  small 
glass  retort,  by  means  of  a  spirit-lamp.  The  cyanuret,  which 
was  formerly  considered  a  compound  of  oxide  of  mercury  and 
prussic  acid,  and  was  then  ca\]ed  prv^siate  of  mercury,  is  com- 
posed of  metallic  mercury  and  cyanogen.  On  exposure  to  a 
low  red  heat,  it  is  resolved  into  its  elements;  the  cyanogen 
passes  over  in  the  form  of  gas,  and  the  metallic  mercury  is 
sublimed.  The  retort,  at  the  close  of  the  process,  contains  a 
small  residue  of  a  dark  brown  matter  like  charcoal,  which 
consists  of  the  same  ingredients  as  the  gas  itself 

471.  Cyanogen  gas  is  colorless,  and  has  a  strong  pungent 
and  very  peculiar  odor.  At  the  temperature  of  45°  and  under 
a  pressure  of  3.6  atmospheres,  it  is  a  limpid  liquid,  which  is  a 
non-conductor  of  electricity,  and  resumes  the  gaseous  form  when 
the  pressure  is  removed.  It  extinguishes  burning  bodies ;  but 
it  is  inflammable,  and  burns  with  a  beautiful  and  characteristic 
purple  flame.  It  can  support  a  strong  heat  without  decompo- 
sition. Water,  at  the  temperature  of  60°,  absorbs  4.5  times 
and  alcohol  23  times  its  volume  of  the  gas. 

The  specific  gravity  of  cyanogen  gas  is  1.82,  and  100  cubic 
inches  weigh  56.47  grs. 

472.  Cyanogen,  though  a  compound  body,  has  a  remarkabk 
tendency  to  combine  with  elementary  substances.  Thus  it  is 
capable  of  uniting  with  the  simple  non-metallic  bodies,  and 
evinces  a  strong  attraction  for  metals,  but  manifests  little  dis- 
position to  combine  with  the  oxides  or  other  compound  bodies 
It  is  therefore  analogous,  in  its  chemical  relations,  to  the  ele 
mentary  substances,  and  is  to  be  considered  as  a  "  compoun(3 
radical"  of  Organic  Chemistry,  where  its  various  combinationi 
will  be  described. 

473  Paracyanogen. — Afler  preparing  cyanogen  by  the  process  aboYi 
described,  a  brown  mass  is  led  in  the  retort,  which  is  found  to  be  a  salic 
compound  of  carbon  and  nitrogen,  a  bicarhuret  of  nitrogen,  isomeric  witl 
cyanogen ;  and  it  has  been  suggested  that  the  carbonaceous  residue,  aflei 
the  charring  of  animal  substances,  is  probably  in  many  cases  a  carburei 
of  nitrogen,  and  not  pure  charcoal,  as  has  been  supposed.  This  suggestioi 
seems  to  be  confirmed  by  the  recent  discovery  of  the  effect  produced  or 
heated  iron  by  the  fcrro-cyanide  of  potassium,  converting  it  readily  int< 
steel,  at  least  at  the  surface,  in  the  same  manner  as  when  heated  in  animal 
carbon. 

*  Derived  from  Kvavosj  blue,  and  yevvav,  to  generatCt  because  it  is  an  ingre* 
dient  of  Prussian  blue. 
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SECTION  V. 


BULPHUR. 

Symbol  S;  Equival&iC  16.1. 

474.  SiTLPRUR  occurs  as  a  mineral  production  in  some  parts 
of  the  earth,  particularly  in  the  neighborhood  of  volcanoes,  as 
in  Italy  and  Sicily,  It  exists  much  more  abumiantly  in  combi- 
oalion  with  several  metals,  such  as  silver,  copper,  antimojiy, 
lead,  and  iron.  It  is  procured  in  large  quantity  by  exposing 
iron  pyrites  to  a  red  heat  in  close  vessels. 

It  is  also  found  in  many  organic  bodies,  as  In  the  egg,  in  the 
hair,  the  hoofs,  and  horns  of  animals,  and  in  the  seeds  of  the 
black  mustard, 

475.  Sulphur  is  a  brittle  solid  of  a  greenish -yellow  color, 
emits  a  peculiar  odor  when  rubbed,  and  Has  little  taste.  It  Is  a 
non-conductor  of  electricity,  and  is  excited  negatively  by  fric- 
tion. Its  specified  gravity  is  1.99.  Its  point  of  fusion  is  '22U° ; 
between  230°  and  2Sl^  it  possesses  the  highest  degree  of  fluidity, 
b  then  of  an  amber  color,  and  if  cast  into  cylindrical  moulds, 
[brms  the  common  roll  sulphur  of  commerce.  It  begins  to 
thicken  near  320',  and  acquires  a  reddish  tint ;  and  at  tempera- 
tures between  428°  and  482°,  it  is  so  tenacious  that  the  vessel 
may  be  inverted  without  causing  it  to  change  its  place.  From 
482'  to  its  boiling  point  it  again  becomes  liquid,  but  never  to 
the  same  extent  as  when  at  248°.  When  heated  to  at  least 
428°,  and  then  poured  into  water,  it  becomes  a  ductile  mass, 
wliich  may  be  used  for  taking  the  impression  o£  seals.  After 
some  time  it  changes  into  its  ordinary  state. 

476.  Fused  sulphur  has  a  tendency  to  crys- 

talize  in  cooling.    A  ciystaline  arrangement 

is  preceptible  in  the  centre  of  common  roll 

j  sulphur;  and  by  good  management  regular 

I  crystals'  may  be  obtained.    For  tnis  purpose 

several  pounds  of  sulphur  should  be  melted  in 

|i  an  earthen  cruciWe;  and  when  partially  cooled, 

/  the  outer  solid  crust  should  be  pierced,  and  the 

Cruciblequicklyinverted,  so  that  the  inner  and 

as  yet  fluid  parts  may  gradually  flow  out.  On  breaking  the 
solid  mass,  when  quite  cold,  crystals  of  sulphur  will  be  found 
in  its  interior,  the  primary  form  of  wiiich  is  the  oblique  rhombic 
prism. 

477.  Sulphur  is  very  volatile.  It  begins  to  rise  slowly  in 
vapor  even  before  it  is  completely  fused.  At  550'  or  600'  it 
volatilizes  rapidly,  and  condenses  again  unchanged  in  close 
vessels.  Common  sulphur  is  purified  by  this  process ;  and  ff 
the  sublimation  be  conducted  slowly,  the  sulphur  collects  in  the 
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receiver  in  the  form  of  detached  crystaline  graios,  called  /ow- 
era  of  sulphur.  In  this  state,  however,  it  is  not  quite  pure:  for 
the  oxygen  of  the  air  within  the  apparatus  combines  with  a 
portion  of  sulphur  during  the  process,  and  forms  sulphurous 
acid.  The  acid  may  be  removed  by  washing  the  flowers  re- 
peatedly with  water. 

The  density  of  sulphur  vapor  is  about  6.65 ;  and  if  it  could 
exist  at  the  temperature  of  00^,  100  cubic  inches  under  a  baro- 
metric pressure  of  30,  would  weigh  206.177  grains. 

478.  Sulphur  is  insoluble  in  water,  but  dissolves  readily  in 
boiling  oil  of  turpentine,  and  in  other  oils.  Chloride  of  sulphur 
and  sulphuret  of  carbon  also  dissolve  it ;  and  from  all  the  solu- 
tions it  may  be  obtained  in  crystals,  the  primary  form  of  which 
is  the  rhombic  octohedron.    It  is  therefore  dimorphous  (362). 

Sulphur  is  also  soluble  in  alcohol,  if  both  substances  are 
brought  together  in  the  form  of  vapor.  The  sulphur  is  precipi- 
tated from  the  solution  by  the  addition  of  water. 

When  sulphur  is  heated  in  the  open  air  to  300°  or  a  little 
higher,  it  kindles  spontaneously,  and  burns  with  a  faint  blue 
light.  In  oxygen  gas  its  combustion  is  far  more  vivid;  the 
flame  is  much  larger,  and  of  a  bluish-white  color.  Sulphurous 
acid  is  the  product  in  both  instances ; — no  sulphuric  acid  is 
formed  even  in  oxygen  gas  unless  moisture  be  present. 

479.  Sulphur  is  used  extensively  in  the  arts,  and  in  medicine. 
It  is  employed  in  the  manufacture  of  gunpowder,  sulphuric 
acid,  the  different  kinds  of  matches,  vermilion,  &c.,  and  for 
taking  impressions  of  seals.  In  medicine,  it  is  used  in  cutane- 
ous diseases,  and  as  a  cathartic  and  alterative. 

SULPHUR    AND    OXYGEN. 

There  are  four  compounds  of  sulphur  and  oxygen,  all  of 
which  are  acids.    They  are  as  follows : 

Sulphur,    Oxygen,    Equity,      Symbols, 

Hyposulphurous  acid 2  eq.  +  2  eq 48.2 S.Og 

Sulphurous  acid 1  eq.  -f  2  eq 32.1.... SO3 

Hyposulphuric  acid 2  eq.  -f  5  eq 70.2 S  O5 

Sulphuric  acid 1  eq.  -f  3  eq  . . .  .40.1 . . . .  SO3 

According  to  Thomson  there  is  still  another  acid  compound 
of  these  substances,  composed  of  sulphur  two  equivalents  and 
oxygen  one  equivalent. 

480.  Hyposulphurous  Acid. — This  acid  may  be  formed  either  by  digrest- 
ing  sulphur  in  a  solution  of  any  sulphite,  or  by  transmitting'  a  current  of 
sulphurous  acid  into  a  solution  of  sulphuret  of  calcium  or  strontium.  A 
convenient  solution  for  this  purpose  is  made  by  boiling  3  parts  of  slaked 
lime  and  1  of  sulphur,  with  20  parts  of  water,  for  one  hour,  and  decanting 
the  clear  liquid  from  the  undissolved  portions ;  but  when  this  solution  is 
used,  an  abundant  deposite  of  sulphur  takes  place. 

This  compound  is  properly  called  hyposulphurous  acid,  because  the  pro- 
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portion  of  oxygen  it  contains,  compared  with  the  solphiir,  is  less  than  in 
sa/p/iurous  acid,  but  it  is  to  be  observed  that  its  equivalent,  or  the  quantity 
of  it  required  to  neutralize  one  eq.  of  an  alkali,  is  not  24.1,  but  4SJ2. 

481.  Hyposulphurous  acid  cannot  exist  permanently  in  a  free  state.  On 
decomposing  a  hyposulphite  by  any  stronger  acid,  such  as  sulphuric  or  hy- 
drochloric, the  hyposulphurous  acid,  at  the  moment  of  quitting  the  base, 
resolves  itself  into  sulphurous  acid  and  sulphur.  The  solution  of  all  the 
neutral  hyposulphites  has  tlie  peculiar  property  of  dissolving  recently  pre. 
cipitated  chloride  of  silver  in  large  quantity,  and  forming  with  it  a  liquid 
of  an  exceedingly  sweet  taste.  On  this  property  is  founded  their  use  in 
photography  (157). 

482.  Sulphurous  Acid. — ^Pure  sulphurous  acid,  at  the  common 
temperature  and  pressure,  is  a  colorless  transparent  gas,  which 
was  first  obtained  in  a  separate  state  by  Priestley.  It  is  the 
sole  product  when  sulphur  is  burned  in  air  or  dry  oxygen  gas, 
and  is  the  cause  of  the  peculiar  odor  emitted  by  that  substance 
during  its  combustion. 

483.  It  may  also  be  prepared  by  depriving  sulphuric  acid  of 
one  equivalent  of  its  oxygen,  which  may  be  done  by  its  action 
on  various  substances,  and  particularly  upon  the  metals.  One 
portion  of  sulphuric  acid  yields  oxygen  to  the  metal,  and  is 
thereby  converted  into  sulphurous  acid;  while  the  metallic 
oxide,  at  the  moment  of  its  formation,  unites  with  some  of  the 
undecomposed  sulphuric  acid.  The  best  method  of  obtaining 
pore  sulphurous  acid  gas,  is  by  putting  two  parts  of  mercury 
and  three  of  sulphuric  acid  into  a  glass  retort,  the  beak  of 
which  is  received  under  mercury,  and  heating  the  mixture  by 
a  lamp. 

484.  This  gas  is  readily  distinguished  from  all  others  by  its 
suffocating,  pungent  odor.  All  burning  bodies,  when  immersed 
in  it,  are  extinguished  without  setting  fire  to  the  gas  itself  It 
is  fatal  to  all  animals  which  are  placed  in  it.  A  violent  spasm 
of  the  glottis  takes  place,  by  which  the  entrance  of  the  gas  into 
the  lungs  is  prevented;  and  even  when  diluted  with  air,  it 
excites  cough,  and  causes  a  peculiar  uneasiness  about  the  chest 

The  specific  gravity  of  gaseous  sulphurous  acid  is  2.21 ;  the 
weight  of  100  cubic  inches  therefore  is  68.55  grains. 

Recently  boiled  water  dissolves  about  33  times  its  volume 
of  sulphurous  acid  at  60^  and  30  inches  of  the  barometer,  form- 
ing a  solution  which  has  the  peculiar  odor  of  that  compound, 
and  from  which  the  gas,  unchanged  in  its  properties,  may  be 
expelled  by  ebullition. 

485.  Sulphurous  acid  has  considerable  bleaching  properties. 
It  reddens  litmus  paper,  and  then  slowly  bleaches  it.  Most 
vegetable  coloring  matters,  such  as  those  of  the  rose  and  violet, 
are  speedily  removed,  without  being  first  reddened.  It  is  re- 
markable that  the  coloring  principle  is  not  destroyed  ;  fur  it 
may  be  restored  either  by  a  stronger  acid  or  by  an  alkali. 

Though  sulphurous  acid  cannot  be  made  to  burn  by  the  ap- 
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proach  of  flame,  it  has  a  very  strong  attraction  for  oxygen, 
uniting  with  it  under  favorable  circumstances,  and  forming 
sulphuric  acid.     The  presence  of  moisture  is  essential  to  this 
change.    A  mixture  of  sulphurous  acid  and  oxygen  gases,  if 
quite  dry,  may  be  preserved  over  mercury  for  any  length  of 
time  without  chemical  action.   But  if  a  little  water  be  admitted, 
the  sulphurous  acid  gradually  unites  with  the  oxygen,  and  sul- 
phuric acid  is  generated.    The  facility  with  which  this  change 
ensues  is  such  that  a  solution  of  sulphurous  acid  in  water  can- 
not be  preserved,  except  atmospheric  air  be  carefully  excluded. 
The  solutions  of  metals  which  have  a  weak  affinity  for  oxygen, 
such  as  gold,  platinum,  and  mercury,  are  completely  decom- 
posed by  it,  those  substances  being  precipitated  in  the  metallic 
form.    Nitric  acid  converts  it  instantly  into  sulphuric  acid  by 
yielding  some  of  its  oxygen.    Peroxide  of  manganese  causes  a 
similar  change,  and  is  itself  converted  into  protoxide  of  man- 
ganese, which  unites  with  the  resulting  sulphuric  acid. 

486.  Sulphurous  acid  is  converted  into  a  liquid  by  a  pressure 
of  two  atmospheres  when  the  temperature  is  at  45°,  and  by  the 
ordinary  pressure  at  0^.  If  the  temperature  is  raised  it  enters 
into  ebullition  at  14^^ ;  but  allowed  to  evaporate  spontaneously, 
intense  cold  is  produced,  sufficient  even  to  freeze  mercury  and 
liquefy  ammonia,  under  the  usual  pressure  of  the  atmosphere 
only. 

Fig.  75.  487.  A  little  of  the  liquid  may 

be  obtained  very  easily  by  putting 
a  small  quantity  of  mercury  and 
sulphuric  acid  in  a  bent  tube,  as  re- 
presented in  figure  75,  sealing-  it 
hermetically,  and  supplying  heat 
to  the  extremity  a,  which  contains  the  materials,  while  the  other  b  is  kept 
cool  by  means  of  ice  or  the  evaporation  of  ether.  The  liquid  will  be  soon 
found  to  collect  in  the  cool  part  of  the  tube. 

488.  Hyposulphuric  Acid. — This  acid  is  formed  by  transmitting  a  cur- 
rent  of  sulphurous  acid  gas  through  water  containing  peroxide  of  manganese 
in  fine  powder. 

Hyposulphuric  acid  reddens  litmus  paper,  has  a  sour  taste,  and  forms 
neutral  salts  with  alkalies.  It  has  no  odor,  by  which  circumstance  it  is 
distinguished  from  sulphurous  acid.  It  cannot  be  confounded  with  sul- 
phuric acid;  for  it  forms  soluble  salts  with  baryta,  strontia,  &c.,  with 
which  sulphuric  acid  forms  insoluble  compounds.  It  cannot  be  obtained 
\free  from  water.     The  greatest  density  of  the  hydrous  acid  is  1.35. 

i^i  I  489.  Sulphuric  Acid. — Sulphuric  acid,  or  oil  of  vitriol,  as  it  is 
^  'oflen  called,  was  discovered  by  Basil  Valentine,  towards  the 
close  of  the  15th  century.  It  is  procured  for  the  purposes  of 
commerce  by  two  methods.  One  of  these  has  been  long  pur- 
sued in  the  manufactory  at  Nordhausen,  in  Germany,  and  con- 
sists in  decomposing  protosulphate  of  iron  (green  vitriol)  by 
heat.  This  salt  contains  6  equivalents  of  water  of  crystaliza- 
tlon;  and  when  strongly  dried  by  the  fire,  it  crumbles  down 
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into  a  white  powder,  which  still  contains  1  equivalent  of  water. 
On  exposing  this  dried  protosulphate  to  a  red  heat,  its  acid  is 
wholly  expelled,  the  greater  part  passing  over  unchanged  into 
the  receiver  in  combination  with  the  water  of  the  salt.  Part 
of  the  acid,  however,  is  resolved  by  the  strong  heat  employed 
in  the  distillation  into  sulphurous  acid  and  oxygen.  Peroxide 
of  iron  is  the  sole  residue. 

490.  The  acid,  as  procured  by  this  process,  is  a  dense,  oily 
liquid  of  a  brownish  tint.  It  emits  copious  white  vapors  on 
exposure  to  the  air,  and  is  hence  called  fuming  sulphuric  add. 
Its  specific  gravity  is  stated  at  1.896  and  1.96.  It  consists  of 
80.2  parts  or  2  equivalents  of  anhydrous  acid,  and  9  parts  or  1 
equivalent  of  water. 

On  putting  this  acid  into  a  glass  retort,  to  which  a  receiver 
surrounded  by  snow  is  securely  adapted,  and  heating  it  gently, 
a  transparent,  colorless  vapor  passes  over,  which  condenses 
into  a  white  crystaline  solid.  This  substance  is  pure  anhydrous 
sulphuric  acid.  It  is  tough  and  elastic;  liquefies  at  66^,  and 
boils  at  a  temperature  between  104°  and  122°,  forming,  if  no 
moisture  is  present,  a  transparent  vapor.  Exposed  to  the  air, 
it  unites  with  watery  vapor,  and  flies  off  in  the  form  of  dense 
white  fumes.  The  residue  of  the  distillation  is  no  longer 
fuming,  and  is  in  every  respect  similar  to  the  common  acid  of 
commerce. 

491.  The  other  process  for  forming  sulphuric  acid  of  com- 
merce, referred  to  above,  which  is  the  one  practised  exclusively 
in  England  and  in  this  country,  is  by  burning  sulphur  previ- 
ously mixed  with  one-eighth  its  weight  of  nitrate  of  potassa. 
The  mixture  is  burned  in  a  furnace,  so  contrived  that  the  cur- 
rent of  air  which  supports  the  combustion  conducts  the  gase- 
ous products  into  a  large  leaden  chamber,  the  bottom  of  which 
is  covered  to  the  depth  of  several  inches  with  water. 

Numerous  and  complicated  changes  take  place  during  the 
combustion  of  the  sulphur,  by  which  oxygen  from  the  air  is 
transferred  to  the  sulphur,  converting  it  into  this  acid.  The 
water  is  designed  chiefly  to  absorb  the  vapors  of  sulphuric  acid 
as  they  are  formed,  but  watery  vapor  is  also  necessary  in  the 
chemical  changes  that  occur. 

The  water  in  the  chamber  is  allowed  to  remain  unchanged 
until  it  has  acquired  a  specific  gravity  of  about  1.6,  when  it  is 
removed  and  concentrated  by  evaporation,  first  in  leaden  cis- 
terns, and  afterwards  in  glass  or  platinum  retorts. 

Sulphuric  acid  prepared  in  this  manner  is  a  dense,  colorless, 
oily  fluid,  which  boils  at  620°,  and  has  a  specific  gravity,  in  its 
most  concentrated  form,  of  1.85.  Mitscherlich  found  the  density 
of  its  vapor  to  be  3.  It  is  one  of  the  strongest  acids  with  which 
chemists  are  acquainted,  and  when  undiluted  is  powerfully  cor- 
rosive. It  decomposes  all  animal  and  vegetable  substances  by 
the  aid  of  heat,  causing  deposition  of  charcoal  and  formation 
10* 
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of  water.  It  has  a  strong,  sour  taste,  and  reddens  litmus  paper, 
even  though  greatly  diluted.  It  unites  with  alkaline  sub- 
stances, and  separates  all  other  acids  more  or  less  completely 
from  their  combinations  with  the  alkalies. 

492.  In  a  very  concentrated  state  it  dissolves  small  quantities 
of  sulphur,  and  acquires  a  blue,  green,  or  brown  tint.  Tellu- 
rium and  selenium  are  also  sparingly  dissolved,  the  former 
causing  a  crimson,  and  the  latter  a  green  color.  By  dilution 
with  water,  these  substances  subside  unchanged ;  but  if  heat 
is  applied,  they  are  oxydized  at  the  expense  of  the  acid,  and 
sulphurous  acid  gas  is  disengaged.  Charcoal  also  appears  so- 
luble to  a  small  extent  in  sulphuric  acid,  communicating  at 
first  a  pink,  and  then  a  dark  reddish-brown  tint. 

This  acid,  prepared  as  above  described,  by  the  combustion 
of  sulphur  in  leaden  chambers,  is  apt  to  be  contaminated  by  a 
little  sulphate  of  potassa  and  lead,  from  which  it  may  be  purified 
by  careful  distillation.  Recently,  instead  of  sulphur,  iron 
pyrites  (see  Iron)  has  been  much  used  in  its  manufacture,  and 
it  has  in  consequence  frequently  been  found  to  contain  arsenic 
and  selenium. 

493.  Sulphuric  acid  has  a  very  great  aflSnity  for  water,  and 
unites  with  it  in  every  proportion.  The  combination  takes 
place  with  production  of  intense  heat.  When  four  parts  by 
weight  of  the  acid  are  suddenly  mixed  with  one  of  water,  the 
temperature  of  the  mixture  rises  to  300^.  By  its  attraction  for 
water,  it  causes  the  sudden  liquefaction  of  snow;  and  if  mixed 
with  it  in  due  proportion,  intense  cold  is  generated.  It  absorbs 
watery  vapor  with  avidity  from  the  air,  and  on  this  account  is 
employed  in  the  process  for  freezing  water  by  its  own  evapo- 
ration. The  action  of  sulphuric  acid  in  destroying  the  texture 
of  the  skin,  in  forming  ethers,  and  in  decomposing  animal  and 
vegetable  substances  in  general,  seems  dependent  on  its  affinity 
for  water. 

In  order  to  determine  the  strength  of  liquid  sulphuric  acid,  it 
is  sufficient  to  know  that  every  53.42  parts  of  pure  carbonate 
of  soda  will  neutralize  precisely  40.1  parts  of  real  sulphuric 
acid.  When  very  great  accuracy  is  not  desired,  it  will  be 
sufficient  to  find  the  specific  gravity  according  to  the  tables 
given  in  books. 

494.  Sulphuric  acid  of  commerce  freezes  at  — 15°.  Diluted 
with  water  so  as  to  have  a  specific  gravity  of  1.78,  it  congeals 
even  above  32°,  and  remains  in  the  solid  state  till  the  tempera- 
ture rises  to  45°.  When  mixed  with  rather  more  than  its 
weight  of  water,  its  freezing  point  is  lowered  to  — 36°. 

Chemists  possess  an  unerring  test  of  the  presence  of  sul 
phuric  acid.    If  a  solution  of  chloride  of  barium  is  added  to  a 
liquid  containing  sulphuric  acid,  it  causes  a  white  precipitate, 
sulphate  of  baryta,  which  is  characterized  by  its  insolubility  in 
acids  and  alkalies. 
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Sulphuric  acid  occasionally  occurs  free  in  nature,  as  at 
Byron,  Genesee  County,  New  York,  but  such  cases  are  rare. — 
{New  York  Geological  Report  for  1840.). 

495  Sulphuric  acid  is  applied  in  the  arts  and  in  the  labora- 
tory to  very  many  important  uses ;  as,  in  the  preparation  of 
the  other  acids,  the  extraction  of  soda  from  common  salt,  the 
manufacture  of  alum,  sulphate  of  iron,  chlorine,  &c.  It  is  also 
used  as  a  solvent  for  indigo,  and  in  the  various  manufactures 
of  the  metals. 

SULPHUR    AND     HYDROGEN. 

Sulphur  combines  with  hydrogen  in  two  proportions,  and 
the  resulting  compounds  are  constituted  as  follows : 

Sulphur.  Hydrogen.   Equiv.     SymhoU. 

Hydrosulphuric  acid 1  eq.  +  1  eq 17.1 .. .  .HS 

Per  sulphuretted  hydrogen..  1  eq.  -f  2  eq 33.2. . .  .HS3 

496.  HydrosvJphuric  Acid. — This  compound  is  also  known  by 
the  name  of  sulphuretted  hydrogen,  but  as  it  possesses  distinct 
acid  properties,  it  is  with  propriety  ranked  among  the  acids. 

It  may  be  prepared  by  several  processes,  but  for  common 
purposes  it  may  most  readily  be  formed  by  the  action  of  diluted 
sulphuric  acid  upon  the  protosulphuret  of  iron.  The  changes 
that  take  place  during  this  process  are  easily  understood ;  they 
are  represented  by  the  following  formula:  FeS-f  S03+HO= 
FeO,  SO3+HS. 

From  this  it  appears  that  when  a  single  atom  of  each  of  the 
three  substances,  protosulphuret  of  iron,  sulphuric  acid,  and 
water,  come  in  contact,  the  particle  of  water  is  decomposed, 
its  oxygen  immediately  combining  with  the  iron,  and  its  hy- 
drogen with  the  sulphur  which  was  before  united  with  the  iron. 
Thus  a  particle  of  protoxide  of  iron  and  another  of  hydrosul- 
phuric acid  are  formed  simultaneously,  the  latter  of  which 
escapes  in  the  gaseous  form,  while  the  former  combines  with 
the  sulphuric  acid  to  constitute  sulphate  of  the  protoxide  of 
iron,  which  remains  in  solution. 

497.  A  sulphuret  of  iron  may  be  procured  for  the  purpose, 
either  by  igniting  common  iron  pyrites,  by  which  means  nearly 
half  of  its  sulphur  is  expelled,  or  by  exposing  to  a  red  heat  a 
mixture  of  two  parts  of  iron-filings  and  rather  more  than  one 
part  of  sulphur.  .  The  materials  should  be  placed  in  a  common 
earthen  or  cast-iron  crucible,  and  be  protected  as  much  as 
possible  from  the  air  during  the  process.  The  sulphuret  pro- 
cured from  iron-filings  and  sulphur  always  contains  some  un- 
combined  iron,  and,  therefore,  the  gas  obtained  from  it  is  never 
quite  pure,  being  mixed  with  a  little  free  hydrogen.  This, 
however,  for  many  purposes,  is  immaterial. 

498.  Hydrosulphuric  acid  is  a  colorless  gas,  which  reddens 
moist  litmus  paper  feebly,  and  is  distinguished  from  all  other 


MANUAL    OF     CHBHtSTRT. 

gaacous  substances  by  ita  offensive  taste  and  odor,  which  i  W 
similur  to  tlial  of  puirefying  eggs,  or  tlie  water  of  siiipliufoai* 
springs.    Under  aprcssure of  17  atmospheres,  at  50^,  it  iscr"" 
pressed  into  a  lini|iid  liquid,  which  resumes  the  gaseous  bI 
as  Biion  as  the  pressure  is  removed.     To  animal  life  it  is  V 
injurious.   .Atcording  to  Dupuytren  and  Thenard.the  preaerd 
of  uVth  of  iliis  gas  is  instantly  fatal  to  a  small  bird;  -fi,-Jt 
killoa  a  niiddle-sized  dog  ;  and  a  horse  died  in  an  atmosphdl 
whicii  contained  ^J^.th  of  its  volume. 

Hydrosulph uric  acid  extinguishes  all  huming  bodies 
gas  takes  fire  when  a  lighted  candle  is  iumiersed  i 
burns  with  a  pale  blue  flame.  Water  and  sulphurous  acid  Bi 
the  products  of  its  combustion,  and  sulphur  is  deposited,  Wli 
oxygen  gas  it  forms  a  mixture  which  detonates  by  the  a 
cation  of  flame  or  the  electric  spark. 

Its  specific  gravity  is  1.18;  and  100  cubic  inches,  therefonS 
■weigh  36.49  grains.  T 

Recently  boiled  water  absorbs  its  own  volume  of  hydrosul- 
phuric  acid,  becomes  thereby  feebly  acid,  and  acquires  Iho 
peculiar  odor  and  taste  of  sulphurous  springs.  The  gas  i* 
expelled  without  change  by  boiling  the  wafer. 

Water  naturally  impregnated  with  hydrosulphuric  acid  is 
suing  from  the  earth  constilutes  sulphur  springs,  of  whicli 
there  are  many  in  tliis  and  other  countries.  The  fiydrosu!- 
phurie  arid  ia  probably  formed  hy  the  decomposition  of  metallic 
Hulphurets. 

499.  The  elements  of  hydrosulpliuric  acid  may  easily  be  sepa- 
rated from  one  another.  A  solution  of  the  gas  cannot  tie  pre- 
served in  an  open  vessel,  because  its  hydrogen  unites  with  the 
oxygen  of  the  atmosphere,  and  sulphur  is  deposited.  When 
mixed  with  sulphurous  acid,  both  compounds  are  decomposed, 
water  is  generated,  and  sulphur  set  free.  On  pouring  into  s 
bottle  of  the  gas  a  little  filming  nitric  acid,  mutual  decompost- 
tion  ensues,  a  bluish-white  flanfe  frequently  appears,  sulphur 
and  nitrous  arid  fumes  come  into  view,  and  water  is  generated. 
Chlorine,  Iodine,  and  bromine  decompose  it,  with  separation 
of  sulphur,  and  formation  of  hydrochloric,  hydriodic,  and  hy- 
drobromic  acids.  An  atmosphere  charged  with  hydrosulphuric 
acid  gas  may  be  purified  by  means  of  chlorine  in  the  space  of 
H  few  minutes. 

Hydrosulphuric  acid  gas  is  readily  distinguished  from  other 
gases  by  its  odor,  by  tarnishing  silver,  with  which  it  forms  ^ 
sulphuret,  and  by  the  character  of  tlie  precipitate  which  it  p 
duces  with  solutions  of  arsenioua  acid,  tartar  emetic,  and  sr 

The  most  delicate  test  of  its  presence,  when  diffused  in 
air,  is  moist  carbonate  of  oxide  of  lead  spread  on  white  p. 
v^hich  is  instantly  blackened  by  it. 

An   amusing  exi>erimcnt  is  performed    by  makmg  i 


drawings  upiwi  white  paper  wi[h  solation  of  some  colorless 
metallic  salt,  as  acetate  of  lead,  which  will  remain  inviaible  till 
Introduced  into  an  atmosphere  containing  hydroaulphuric  acid 

fs,  when  they  at  once  become  of  a  dark  brown  or  black  color. 
[he  drawings  have  become  dry,  the  6acfcof  the  paper  should 
'  be  moistened  with  a.  wet  sponge  before  using  them. 

SIH).  Pertttlphatfl  iif  Hydrogen. — This  conipouncl  also  poBgesaiiig  iciJ 

Kpecties    was    dHCovered    bf    Sclieele.     It  la    piopetly  bisutpliurut   of 
IrogcD.     It  La  not  a  aUble  coiapoand,  bem^  coaily  dccampoHcd  irilo  Hul- 
Cr  and  hydrcwulphnric  acid.     At  common  tejuperataroA  it  14  H  viscid 
id  oF  a  yellow  color,  and  poBsesKa  a  deasity  of  nboul  1.T7. 
Regarded  as  an  acid  Ibe  name  hydtoptTtalphaiic  acid  lias  boeu  proposed 


There  is  only  one  compound  of  these  substances  known,  the 

Car&oni    SulphuT,         Eqiiiv.  Symbol. 

Ksulphuret 1  eq.  +  2  eq 38.32 CS^ 

501.  Biaulpkuret  of  Carbon. — This  compound  may  be  ob- 
tained by  heating  in  close  vessels  native  hiaulphuret  of  iron 
^on  pyrites)  with  one-fifth  of  its  weight  of  well-dried  char- 
coal ;  or  by  transmitting  the  vapor  of  sulphur  over  fragments 
of  charcoal  heated  to  redness  in  a  tube  of  porcelain.  The 
compound,  as  it  is  formed,  should  be  conducted  by  means  of  a 
elass  tube  into  cold  water,  at  the  bottom  oi'  whicli  it  is  col- 
lected. To  free  it  irom  moisture  and  adhering  sulphur,  it 
rfiould  be  distilled  at  a  low  temperature  in  contact  wilhcliloride 
of  calcium. 

Bisulphuret  of  carbon  is  a  transparent  colorless  liquid,  which 
U  remarkable  for  its  higli  refractive  power,  lis  specific 
gravity  ia  1.27.  It  has  an  acid,  pungent,  and  somewhat  aro- 
matic taste,  and  a  very  fetid  odor.  It  is  exceedingly  vola, 
tile  J — its  vupor  at  63  5°  supports  a  column  of  mercury  7.36 
Inches  long ;  and  at  1 10'  it  enters  into  brisk  ebullition.  From 
Its  great  volatility  it  may  be  employed  for  producing  intense 
cold. 

If  the  bulb  of  a  spirit-thermometer  be  coated  with  fine  lint 
and  moistened  with  tliis  substance,  and  then  placed  under  the 
receiver  of  an  air-pump,  by  worldng  the  machine  rapidly  it 
may  be  made  in  a  minute  or  two  to  sink  to  — 82". 

In  consequence  of  its  rapid  evaporation  it  was  formerly  called 
alcohol  of  aulpkw ;  the  name  salpkocarlmnic  acid  has  also  been 
applied  to  it. 

B02.  Bisulphuret  of  carbon  is  very  inflammable,  and  kindles 
in  the  open  air  at  a  temperature  si-arcely  exceeding  that  at 
wMch  mercury  boils  It  burns  with  a  pnle  blue  flame.  Ad- 
mitted into  a  vessel  of  oxygen  gas,  so  much  vapor  rises  as  to 
form  an  explosive  mixture;  and  when  mixed  in  like  manner 
with  binoxide  of  nitrogen,  it  forms  a  combustible  mixture, 


w 

I  rapid! 


iloh  is  kindled  on  the  approach  of  a  lighted  taper,  and  bat, 
rapidly,  with  a  larse  greenish- white  flame  of  dazzling  briljiaiM 
It  disBolres  readuy  m  alcohol  and  etiier,  and  is  precipltsl 
from  the  solution  by  water.  It  dissolves  sulpliur,  phospho: " 
and  iodine,  and  the  solution  of  the  latter  has  a  beaulifiil  f 
color.  Chlorine  decomposes  it,  with  formation  of  chloride  ^ 
sulphur. 

This  substance  in  many  of  its  relations  resembles  c 
acid,  with  which  it  is  in  fact  exactly  equivalent  in  cotnposifid 
the  two  atoms  of  oxygen  of  the  carbonic  acid  (CO^)  t  ' 
replaced  by  two  atoms  of  sulphur  (CSj). 


Symbol  P;  Equivalent  15.7. 

503.  Phosphorus  (^u^^Kifo;,  from  ^s,  ligkt,  and  •fseiai,  i 
80  called  from  its  property  of  shining  in  the  dark,  w 
vered  about  the  year  1669,  by  Brandt,  an  alchymist  of  H. 
burg.  It  was  originally  prepared  from  urine;  but  Scheele 
afterwards  described  a  method  of  obtaining  it  from  bones, 
which  is  now  generally  practised.  The  bones  are  first  ignited 
in  an  open  fire  till  they  become  white,  so  as  to  destroy  their 
animal  matter,  and  burn  away  the  charcoal  derived  from  it,  in 
which  state  they  contain  nearly  4th  of  phosphate  of  lime.  They 
are  then  reduced  to  a  fine  powder,  and  digested  for  a  day  or 
two  with  half  their  weight  of  strong  sulphuric  acid,  with  the 
addition  of  so  much  water  as  will  give  the  consistence  of  a  thin 
FiE.  7IJ.  paste.  Decomposition  of  thephos- 

phate  of  lime  is  thus  efiected,  and 


superphosphate  of  lime.  The  lat- 
ter is  then  dissolved  in  warm  wa- 
ter,  and  the  solution,  after  being 
separated  by  filtration  from  the 
sulphate  of  lime,  is  evaporated  to 
the  consistence  of  syrup,  mixed 
with  a  fourtli  of  its  weight  of  pow- 
dered charcoal,  and  introduced 
into  an  earthen  retort  a,  which  is 
plaoed  in  a  fiirnace,  as  represented 
in  figure  76.  To  the  neck  of  the 
retort  B  copper  tube  b  is  adapted, 
the  other  extremity  of  which  dips 
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a  little  into  the  surface  of  water  contained  in  a  bottle  which 
answers  as  a  receiver.  Any  gas  that  forms  escapes  by  a 
second  tube  inserted  in  the  stopper  of  the  bottle.  The  heat  is 
gradually  raised,  and  the  phosphorus  passes  over  in  vapor 
through  the  copper  tube  and  is  condensed  in  the  water.  When 
first  obtained  it  is  usually  of  a  reddish-brown  color,  owing  to 
the  presence  of  phosphuret  of  carbon  formed  during  the  pro- 
cess. It  may  be  purified  by  fusion  in  hot  water,  and  being 
pressed  while  liquid  through  chamois-leather,  or  by  a  second 
distillation. 

504.  In  this  process  the  oxygen  of  that  part  of  the  phosphoric 
acid  which  constituted  superphosphate,  unites  with  charcoal, 
giving  rise  to  carbonic  acid  and  carbonic  oxide  gases;  and 
phosphate  of  lime  in  the  state  of  bone  earth,  together  with 
redundant  charcoal,  remains  in  the  retort.  The  lime  acts  an 
important  part  in  fixing  the  phosphoric  acid,  which,  if  not  so 
combined,  would  distil  over  before  the  heat  was  high  enough 
for  its  decomposition. 

605.  Pure  phosphorus  is  transparent  and  almost  colorless. 
At  common  temperatures  it  is  a  soft  solid  of  specific  gravity 
1.77 ;  and  may  easily  be  cut  with  a  knife.  At  108°  it  fuses,  and 
at  550^  is  converted  into  vapor,  which,  according  to  Dumas, 
has  a  density  of  4.35.  It  is  soluble  by  the  heat  in  naphtha,  in 
fixed  and  volatile  oils,  in  the  chloride  of  sulphur,  sulphuret  of 
carbon,  and  sulphuret  of  phosphorus.  On  its  cooling  from  so- 
lution in  the  latter,  Mitscherlich  obtained  it  in  regular  dodeca- 
bedral  crystals.  By  the  fusion  and  slow  cooling  of  a  large 
quantity  of  phosphorus,  it  has  been  obtained  in  very  fine  crys- 
tals, of  an  octohedral  form,  and  as  large  as  a  cherry-stone. 
Tbenard  has  remarked  that  when  phosphorus  is  fused  at  150^, 
and  suddenly  cooled  by  being  plunged  into  cold  water,  it  ap- 
pears black;  but  by  fusion  and  slow  cooling  it  recovers  its 
original  aspect.* 

506.  Phosphorus  is  exceedingly  inflammable.  Exposed  to 
the  air  at  common  temperatures,  it  undergoes  slow  combustion, 
emits  a  white  vapor  of  a  peculiar  alliaceous  odor,  appears  dis- 
tinctly luminous  in  the  dark,  and  is  gradually  consumed.  On 
this  account,  phosphorus  should  always  be  kept  under  water. 
The  disappearance  of  oxygen  which  accompanies  these  changes 
is  shown  by  putting  a  stick  of  phosphorus  in  a  jar  full  of  air, 
inverted  over  water.  The  volume  of  the  gas  gradually  di- 
minishes ;  and  if  the  temperature  of  the  air  is  at  60^,  the  whole 
of  the  oxygen  will  be  withdrawn  in  the  course  of  12  or  24  hours. 
The  residue  is  nitrogen  gas,  containing  about  Vo^h  of  its  bulk 
of  the  vapor  of  phosphorus.    It  is  remarkable  that  the  slow 

•  Phosphorus  is  manufactured  in  large  quantities  in  some  parts  of  Europe. 
In  Paris  aloue  it  is  computed  about  200,000  pounds  are  made  annually.— 
Kane, 


p^ 


combiistion  of  phosphorus  does  not  take  placo  in  pure  oiy(, 
unless  ils  temjTcrature  be  about  80",  But  if  the  oxygenj 
diluted  with  nitrogen,  hydrogen,  or  carbonic  acid  gaa, 
oxydation  occurs  at  60';  and  it  takes  place  at  temperati 
still  tower  in  a  vessel  of  pure  oxygen,  rarefied  by  dii  ' 
pressure. 

A  very  sliglit  degree  of  heat  is  sufficient  to  inflame  phospht 
rua  in  tlie  open  air.  Gentle  pressure  between  tlie  fingers,  friO' 
lion,  or  a  temperature  not  much  atKive  its  point  of  fusion,  Btt- 
dies  it  readily.  It  burns  rapidly  even  in  the  air,  emitting  B 
splendid  white  light,  and  causing  intense  heat.  Its  cumbustiaB 
Is  far  more  rapid  in  oxygen  gas,  and  the  hght  proportionally 

5(17.  There  is  some  doubt  concerning  the  proper  atomie 
wpjglit  of  phosphorus,  some  believing  it  to  be  15.7,  as  stated  ' 
the  table  (page  13tj),  and  others  considering  it  31.4,  which 
double  tiie  ibrmer  niunber.  The  editor  of  the  last  (7th)  editioa 
of  Dr.  Turner's  work,  whom  we  follow,  continues  stilt  to  I  " 
the  former  number  (15.7),  but  Kane  adopts  the  latter  (31.4). 

Phosphorus  is  not  much  used  in  the  arts.  Matches  a» 
however  made  of  it,  which  ignite  by  slight  friction.  For  thii 
purpose,  it  is  dissolved  in  glue.  In  the  chemical  laboratory  it 
is  of  very  important  service,  and  is  some  used  in  medicine. 
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four  compounds  of  phosphorus  and  oxygen,  all  of 
rUch  except  the  first  are  acids.    They  are  as  follows : 

Phiaphorai.  Oxygen.     Eqaitt.     SymboU. 

Oxide  of  phosphorus 3  eq.  +  1  eq 55.1 P^O 

iipophosphorous  acid 2  eq.  +  1  eq 39.4 P,0 

loaphorous  acid 2  eq.  +  3  eq 55.4 P,Oj 

Phosphoric  acid 2  eq.  +  5  eq 71.4 PaOj 

508.  Oxide  of  Plioaphoriis, — Tliis  oxide  may  bs  found  by  forcing  »  jot 
of  oajgen  upon  plinBphoriia  melled  under  hot  wntsr  ;  and  tlic  red  matur 
left  whore  phnHphoron  U  burned  in  the  open  air,  is  protmbly  of  Ihe  nno 
nature.  Oiido  of  plinspliorHs  ii  permanent  in  Ilia  air,  requiring  a  red  hot) 
to  ignite  it,  but  tokea  fire  spontaneously  in  cldorinc.     II  i»  probably  tb« 

riO>\,  Dimphmoiia  Arid. — When  photpborus  is  burned  in  air  highly  nra- 
6ed,  iiiipcrrrct  oxydation  onsuce,  and  phoHphoric  and  ptioaphoroua  aetdt 
BFE  geoL-rated,  tlie  latter  being  obtained  in  the  form  nfa  wliite  volatile  pow- 
der. In  Ibia  etale  it  in  anliydrous.  It  disBotvea  readily  in  water,  hat  ■ 
Bonr  taste,  and  emeila  somewliat  lilte  garli&  The  soiulion  of  plioxplionun 
Boid  atworbs  oiygen  »towIj  from  the  ait,  and  in  convurted  into  pbonpliotie 
acid.  From  its  tendency  to  oiiite  with  an  additionat  quantify  of  oxygen, 
it  ia  a  powerful  daoxydizing  agent;  and  hcnoc,  like  Bulpbnroub  acid,  pre- 
cipitatoB  mercury,  ailver,  platinum,  and  gold,  from  their  aalino  combiiiatioDi 
in  the  metallic  form.     Hilric  acid  contcriB  it  into  pboapboric  acid. 
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Phosphorous  acid  is  also  generated  during  the  slow  oxydation  of  phos- 
phorus in  atmospheric  air.  The  product  which  likewise  contains  phosphoric 
acid,  attracts  moisture  from  the  air,  and  forms  an  oil-like  liquid,  which  was 
fi)rraerly  called  phospkatic  acid^  from  the  erroneous  opinion  that  it  is  a 
distinct  substance, 

110.  Phosphoric  Add. — This  acid  is  best  prepared  from  the 
superphosphate  of  lime,  obtained  from  calcined  bones,  in  the 
manner  described  above  (503).  For  this  purpose  the  super- 
phosphate should  be  boiled  for  a  few  minutes  with  excess  of 
carbonate  of  ammonia.  The  lime  is  thus  precipitated  as  a 
carbonate,  and  the  solution  contains  phosphate,  together  with 
a  little  sulphate  of  ammonia.  The  liquid,  after  nitration,  is 
evaporated  to  dryness,  and  then  ignited  in  a  platinum  crucible, 
by  which  means  the  ammonia  and  sulphuric  acid  are  expelled, 
and  the  phosphoric  acid  remains  behind  melted,  but  on  cooling 
it  solidifies  into  a  colorless  glass,  the  glacial  phosphoric  acid. 

Phosphoric  acid  may  also  be  prepared  by  igniting  a  small 
piece  of  phosphorus  in  air  under  a  receiver.  By  this  process  it 
IS  deposited  in  white  flakes  on  the  inside  of  the  glass  and  on 
the  plate  which  supports  it. 

511.  This  acid  has  a  strong  afl5nity  for  water,  with  which  it 
forms  three  distinct  compounds,  phosphates  of  water,  the  con- 
stitution of  which  is  as  follows : 

Monobasic  phosphate  of  water ^qOs^,  HO 

Bibasic  phosphate  of  water P3O5,  2H0 

Tribasic  phosphate  of  water ^2051  3HO 

A  solution  of  phosphoric  acid  in  water  may  contain  any  one 
of  these  three  phosphates  of  water,  and  when  neutralized  by 
bases,  may  therefore  produce  totally  different  salts.  The  par- 
ticular phosphate  of  water  contained  in  solution  in  a  given  case 
will  depend  upon  the  manner  in  which  it  has  been  prepared. 
It  is  necessary  therefore  that  these  compounds  of  water  should 
be  well  understood^'— 

512.  Monobasic  Pftosphate  of  Water, — This  is  simply  phos- 
phate of  water,  composed  of  1  equivalent  of  phosphoric  acid 
and  1  equivalent  of  water.  Its  solution  is  strongly  acid,  and  if 
boiled,  rapidly  changes  to  bibasic  or  tribasic  phosphate.  It 
throws  down  albumen  in  white  curds,  and  with  nitrate  of  silver 
gives  a  greyish-white  precipitate.  When  neutralized  by  bases 
u  forms  salts  which  contain  but  one  atom  of  base ;  thus  let  X 
represent  an  atom  of  the  base,  the  formula  for  the  salt  will  bo 
P,0„  X.  This  form  of  the  acid  has  been  called  metaphosphoric 
4icid. 

k    613.  Bibasic  Phosphate  of  Water.  —  Bibasic  phosphate  of 
water  is  only  another  term  for  disphosphate  of  water,  or  a  com- 
jound  of  phosphoric  acid  and  water,  containing  1  equivalent 
of  the  acid  to  2  eq.  of  water.    It  may  be  prepared  by  decom- 
posing the  diphosphate  of  lead  by  hydrosulphuric  acid.    In 
17 
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solution  with  cold  water  it  graduaUy  changes  to  triirfiosphate 
of  water ;  in  boiling  water  the  change  tal^es  place  with  rapidity. 
Neutralized  with  ammonia  it  ^ves  a  white  granular  precipi- 
tate with  nitrate  of  silver,  by  which  it  is  characterized.  Strong 
bases,  as  the  alkalies  and  metallic  oxides,  readily  displace  the 
water,  and  combining  with  the  acid,  produce  disalts,  whose 
formula  (X,  as  before,  representing  an  equivalent  of  the  base), 
will  be  PyOs,  2X.  It  is  however  to  be  remembered,  that  these 
salts  may  contain  only  one  equivalent  of  fixed  base,  the  other 
being  water;  the  formula  will  then  be  P3O5,  HO,  X.  This 
water  requires  a  red  heat  to  expel  it,  while  the  water  of  crys- 
talization  that  may  be  present  will  require  but  a  moderate  heat 
to  drive  it  off.  Pyrophosptwric  dctd  is  the  term  formerly 
applied  to  this  form  of  the  acid. 

614.  Tribasic  Phosphate  of  Water. — This  is  the  form  of  phos- 
phoric acid  contained  in  the  class  of  phosphates  most  generally 
known.  It  is  in  fact  a  triphosphate  of  water ;  and  is  charac- 
terized by  not  precipitating  albumen,  by  giving  (if  previously 
neutralized  with  ammonia),  with  nitrate  of  silver  a  yellow  pre- 
cipitate, and  by  combining  with  three  equivalents  of  the  bases, 
when  fully  neutralized.  If  we  let  X  represent  an  equivalent  of 
base,  as  before,  the  formula  for  its  salts  when  the  acid  is  fully 
neutralized  will  be,  P3O5,  3X. 

In  the  tribasic  phosphates,  however,  it  frequently  occurs  that 
there  is  but  a  single  equivalent  of  fixed  base,  the  other  two 
being  water.  Thus  one  tribasic  phosphate  of  soda  is  P^Oj, 
2H0,  NaO.  Or  there  may  be  present  2  equivalents  of  soda  and 
1  of  water,  and  then  the  formula  will  be  PgO^,  HO,  2NaO.  The 
solution  of  the  salt  in  this  case  possesses  an  acid  reaction. 

PHOSPHORUS  AND  HYDROGEN. 

There  are  several  compounds  of  phosphorus  and  hy- 
drogen, but  one  only  will  be  described  in  this  work,  the 
common 

Phofphorus,  Hydrogen,      Equiv,      Symbol, 

Phosphuretted  hydrogen.  .2  eq.  +  3  eq 34.4. . .  .P^Hj 

615.  Phosphuretted  Hydrogen, — There  are  several  modes  of 
preparing  this  substance,  which  is  always  gaseous;  but  two 
methods  are  chiefly  adopted.  The  first  consists  in  heating 
phosphorus  in  solution  of  caustic  potassa  or  milk  of  lime ;  by 
which  water  is  decomposed,  giving  its  hydrogen  to  one  portion 
of  phosphorus  to  form  phosphuretted  hydrogen,  and  its  oxygen 
to  another  portion  to  produce  hypophosphorous  acid.  The  other 
method  Is  to  heat  hydrated  phosphorous  acid,  by  which  water 
is  decomposed  and  phosphoric  acid  and  phosphuretted  hydrogen 
produced. 

The  gas  prepared  by  these  different  methods  possesses 
some  very  different  properties.    When  prepared  by  the  first 
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F*  TT.  method,  each  bubble, 

as  it  escapes  into  the 
air  from  the  retort 
through  the  water  of 
the  pneumatic  cistern, 
takes  fire  spontane- 
ously,an(i  burns  with  a 
beautiful  white  flame, 
forming  a  ring  of  phos- 
phoric acid  smoke, 
which  widening  as  it 
rises  may  ascend  to  a 
considerable  height  before  it  is  broken  up,  if  the  air  of  the  apart- 
ment  is  perfectly  still.  If  the  bubbles  of  gas  are  allowed  to 
ascend  into  a  receiver  of  oxygen  gas,  the  combustion  is  attended 
with  explosion. 

616.  Prepared  by  the  second  process,  spontaneous  combustion 
does  not  take  place,  as  in  the  other  case ;  but  if  set  on  fire,  the 
gas  burns  with  the  same  appearances. 

On  analysis,  both  varieties  give  exactly  the  same  result. 
Prepared  J)y  either  method,  the  gas  is  transparent  and  colorless, 
and  of  an  offensive  odor  and  bitter  taste.*  Its  specific  gravity 
b  1.18,  and  100  cubic  inches  weigh  3675  grains.  It  is  not  a 
supporter  of  combustion,  and  is  destructive  to  animal  life. 
Water  absorbs  it  in  small  quantities. 

517.  The  two  varieties  of  this  gas  were  formerly  considered 
isomeric ;  but  it  is  now  believed  the  apparent  difference  of  pro- 
perties arises  from  the  presence  of  a  minute  quantity  of  some 
foreign  substance  accidentally  occasioned  in  one  or  the  other 
by  the  peculiar  method  of  preparation.  Thus  it  is  found  that 
the  spontaneously  inflammable  variety  loses  this  property  if  a 
small  quantity  of  the  vapor  of  ether  or  of  the  essential  oils  is 
present ;  and,  on  the  other  hand,  the  second  variety  becomes 
spontaneously  inflammable  by  the  introduction  of  a  very  minute 
quantity  of  nitrous  acid  or  nitric  oxide, 

PHOSPHORUS    AND     SULPHUR. 

518.  Sulphuret  of  Phosphorus. — Phosphorus  lincf  sulphur  combine  when 
miphar  is  brought  in  contact  with  fused  phosphorus,  but  in  proportions 
which  have  not  been  determined.  The  experiment  should  never  be  mado 
with  more  than  30  or  40  grains  of  phosphorus,  nor  the  temperature  raised 

*  Those  who  have  observed  the  odor  of  this  gas,  and  that  of  the  liquid 
emitted  by  the  American  skunk  {Mephitis  Americana)  when  disturbed,  ca?i- 
fwt  but  have  noticed  the  resemblance  between  them ;  which  seems  to  render 
k probable  that  the  fluid  emitted  by  the  skunk  contains,  in  solution,  a  por- 
tion of  the  g[as,  or  some  other  nearly  related  compound  of  the  same  sub- 
Mances.  This  is  rendered  still  more  probable  from  the  fact,  that  the  fluid. 
when  emitted  by  the  animal  in  the  dark,  is  distinctlyphosphoresccnt. — S«*. 
Godman's  Natural  History,  vol.  1,  289,  Philadelphia,  Ediivon,,  \B>^^. 
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above  160° ;  and,  even  then  ezploRions  will  sometimes  take  place.  This  com* 
pound  is  exceedingly  combustible,  as  we  should  judge  from  the  nature  of 
its  elements.     It  is  much  more  fusible  than  phosphorus. 

Phosphorus  combines  with  nitrogen,  bat  the  compounds  are  not  here 
described. 


SECTION   VII.  i 

BORON. 

Symbol  B;  Equivalent  10J9, 

519.  Boron  was  first  obtained  by  Davy  in  1807,  by  exposing 
boracic  acid  to  the  action  of  a  powerful  galvanic  battery,  and 
afterwards  by  Gay-Lussac  and  Thenard,  by  heating  boracic 
acid  with  potassium.  For  ordinary  experiments,  it  may  be 
obtained  of  suflScient  purity  by  heating  a  small  portion  of  borax 
in  fine  powder,  with  one-tenth  of  its  weight  of  charcoal,  in  a 
gun-barrel,  and  washing  the  powder  obtained  with  hydro- 
chloric acid  and  water.  The  borax  should  be  first  heated,  to 
expel  all  the  water  it  contains. 

Boron  is  a  dark  olive-colored  substance,  which  has  neither 
taste  nor  smell,  and  is  a  non-conductor  of  electricity.  It  is  in- 
soluble in  water,  alcohol,  ether,  and  oils.  It  does  not  decom- 
pose water  whether  hot  or  cold.  It  bears  intense  heat  in  close 
vessels,  without  fusing  or  undergoing  any  other  change  except 
a  slight  increase  of  density.  Its  specific  gravity  is  about  twice 
as  great  as  that  of  water.  It  may  be  exposed  to  the  atmosphere 
at  common  temperatures  without  change ;  but  if  heated  to  600° 
it  suddenly  takes  fire,  oxygen  gas  disappears,  and  boracic  acid 
is  generated.  It  also  passes  into  boracic  acid  when  heated 
with  nitric  acid,  or  with  any  substance  that  yields  oxygen  with 
facility. 

BORON    AND    OXYGEN. 

There  is  but  one  compound  of  these  substances  known, 
which  possesses  acid  properties,  and  is  constituted  as  follows : 

Boron,    Oxygen.      Equiv,     Symbol. 
Boracic  acid 1  eq.  +  3  eq 34.9 ....  BO3 

520.  Boracic  Add  — This  acid  is  found  as  a  natural  product 
in  the  hot  springs  of  Lipari,  and  in  those  of  Sasso  in  the  Floren- 
tine territory.  It  is  a  constituent  of  several  minerals,  among 
which  the  datholite  and  boracite  may  in  particular  be  men- 
tioned. It  occurs  much  more  abundantly  under  the  form  of 
borax,  a  native  compound  of  boracic  acid  and  soda.  It  is  pre- 
pared for  chemical  purposes  by  adding  sulphuric  acid  to  a 
solution  of  purified  borax  in  about  four  times  its  weight  of 
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boiling  water,  till  the  liquid  acquires  a  distinct  acid  reaction. 
The  sulphuric  acid  unites  with  the  soda ;  and  the  boracic  acid 
is  deposited,  when  the  solution  cools,  in  a  confused  group  of 
shining  scaly  crystals.  It  is  then  thrown  on  a  filter,  washed 
with  cold  water  to  separate  the  adhering  sulphate  of  soda  and 
sulphuric  acid,  and  still  farther  purified  by  solution  in  boiling 
water  and  re-crystalization.  But  even  after  this  treatment  it  is 
apt  to  retain  a  little  sulphuric  acid;  and  on  this  account,  when 
required  to  be  absolutely  pure,  it  should  be  fused  in  a  platinum 
crucible,  and  once  more  dissolved  in  hot  water  and  crys- 
talized. 

521.  Boracic  acid  in  this  state  is  a  hydrate,  which  contains 
43.62  per  cent,  of  water,  being  a  ratio  of  34.9  parts  or  one 
equivalent  of  the  anhydrous  acid  to  27  parts  or  three  equiva- 
lents of  water.  This  hydrate  dissolves  in  25.7  times  its  weight 
of  water  at  60°,  and  in  3  times  at  212^.  Boiling  alcohol  dis- 
solves it  freely,  and  the  solution,  when  set  on  fire,  burns  with 
a  beautiful  green  flame ;  a  test  which  affords  the  surest  indica- 
tion of  the  presence  of  boracic  acid.  Its  specific  gravity  is 
1.48. 

Boracic  acid  has  no  odor  and  but  little  taste,  which  is  bitter 
rather  than  acid.  It  reddens  litmus  paper,  and  slightly  changes 
the  color  of  turmeric  paper  to  brown,  precisely  like  the  alkalies. 

Boron  is  not  known  to  unite  with  any  other  of  the  substances 
heretofore  described  except  hydrogen,  with  which  it  forms  a 
gaseous  compound  of  little  importance. 


SECTION  VIII. 

SILICON. 

Symbol  Si;  Equivalent  22.51. 

522.  That  silica,  or,  as  it  is  now  generally  considered,  silicic 
acid,  is  composed  of  a  combustible  substance  united  with  oxy- 
gen, was  demonstrated  by  Davy ;  but  pure  silicon,  the  base  of 
silica,  was  first  obtained  by  Berzelius  in  1824. 

It  was  first  considered  a  metal,  and  called  silicium,  but  is 
now  generally  ranked  among  non-metallic  substances,  and 
designated  by  the  name  at  the  head  of  this  article. 

523.  To  prepare  silicon  a  somewhat  complex  substance  is 
selected,  the  double  fluoride  of  silicon  and  potassium,  which  is 
a  white  powder  like  starch. 

When  this  compound  is  heated  in  a  glass  tube  with  potassium, 
by  means  of  a  spirit-lamp,  the  fluorine  combines  with  the  po- 
tassium, and  the  silicon  is  separated  from  the  mass  by  washing 
with  water.    To  have  the  silicon  perfectly  pure,  sevexa.\  ^t^ 
17* 
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Kg.  7a  cautions  are  to  be  observed  which  need 

not  here  be  detailed.  Obtained  in  this 
manner,  silicon  is  a  powder  of  a  dark  nut- 
brown  color,  without  the  least  trace  of 
metallic  lustre :  and  is  a  non-conductor  of 
'I  heat  and  electricity.  It  stains  the  fingers, 
and  adheres  to  ever)rthing  that  comes  in 
contact  with  it ;  and  when  heated  in  the 
atmosphere  or  oxygen  gas,  it  takes  fire 
and  burns,  with  the  formation  of  silicic 
acid. 

In  close  vessels,  silicon,  like  charcoal  and  boron,  is  capable 
of  enduring  a  very  high  temperature  without  fiision,  but  is 
rendered  harder  and  more  compact.  It  is  now  incombustible, 
even  when  highly  heated  in  the  air  or  in  oxygen  gas,  and  is 
unaffected  by  the  blowpipe,  even  in  contact  with  chlorate  of 
potassa.  Its  specific  gravity  is  above  that  of  sulphuric  acid, 
since  it  readily  sinks  in  it.  Thomson  supposes  the  change  is 
produced  by  the  expulsion  of  the  hydrogen  which  was  before 
united  with  it.  Berzelius  is  of  opinion  that  a  change  in  the 
aggregation  of  the  particles  is  produced  by  the  heat 

SILICON    AND    OXYGEN. 

The  only  compound  of  silicon  and  oxygen  known  is  lalica  or 
silicic  acid,  which  is  composed  as  follows : 

Silicon,    Oxygen.      Equiv,     Symbol, 
Silicic  acid 1  eq.  +  3  eq 46.5 SiOg 

524.  Silicic  Add. — This  compound,  known  also  by  the  names 
of  silica  and  siliceotcs  earth,  exists  abundantly  in  nature.  It 
enters  into  the  composition  of  most  of  the  earthy  minerals; 
and  under  the  name  of  quartz  rock,  forms  independent  moun- 
tainous masses.  It  is  the  chief  ingredient  of  sand-stones,  flint, 
calcedony,  rock-crystal,  and  other  analogous  substances.  It 
may  indeed  be  procured,  of  sufficient  purity  for  most  purposes, 
by  igniting  transparent  specimens  of  rock-crystal,  throwing 
them  while  red-hot  into  water,  and  then  reducing  them  to 
powder. 

Pure  silicic  acid,  in  this  state,  is  a  light  white  powder,  which 
feels  rough  and  dry  when  rubbed  between  the  fingers,  and  is 
both  insipid  and  inodorous.  It  is  fixed  in  the  fire,  and  very 
infusible;  but  fuses  before  the  oxy-hydrogen  blowpipe  with 
greater  facility  than  lime  or  magnesia. 

In  its  solid  form  silicic  acid  is  quite  insoluble  in  water ;  but 
Berzelius  has  shown  that,  if  presented  to  water  while  in  the 
nascent  state,  it  is  dissolved  in  large  quantity.  On  evaporating 
the  solution  gently,  a  bulky  gelatinous  hydrate '  separates, 
which  is  partially  decomposed  by  a  very  moderate  temperature, 
but  does  not  part  with  all  its  water  except  at  a  red  heat 
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525.  Silicic  acid  has  no  action  on  test  paper ;  but  in  all  its 
chemicad  relations,  it  manifests  the  properties  of  an  acid,  and 
displaces  carbonic  acid  by  the  aid  of  heat  from  the  alkalies.  Its 
combinations  with,  the  fixed  alkalies  are  effected  by  mixing 
pure  sand  with  carbonate  of  potassa  or  soda,  and  beating  the 
mixture  to  redness.  During  the  process,  carbonic  acid  is  ex- 
pelled, and  a  silicate  of  the  alkali  is  generated.  The  nature  of 
the  product  depends  upon  the  proportions  which  are  employed. 
On  igniting  one  part  of  silicic  acid  with  three  of  carbonate  of 
potassa,  a  vitreous  mass  is  formed,  which  is  deliquescent,  and 
may  be  dissolved  completely  in  water ;  is  therefore  sometimes 
called  solvble  glass.  The  solution  has  been  called  liquor 
sUicum;  it  has  an  alkaline  reaction,  and  absorbs  carbonic  acid 
on  exposure  to  the  atmosphere,  by  which  it  is  partially  decom- 
I)osed. 

But  if  the  proportion  of  silicic  acid  and  alkali  be  reversed, 
a  transparent  brittle  compound  results,  which  is  insoluble  in 
water,  is  attacked  by  none  of  the  acids  excepting  the  hydroflu- 
oric, and  possesses  the  well-known  properties  of  glass.  Every 
kind  of  ordinary  glass  is  a  silicate,  and  all  its  varieties  are 
owing  to  differences  in  the  proportion  of  the  constituents,  to 
the  nature  of  the  alkali,  or  to  the  presence  of  foreign  matters. 
Thus,  green  bottle  glass  is  made  of  impure  materials,  such 
as  river  sand,  which  contains  iron,  and  the  most  common 
kind  of  kelp  or  pearl  ashes.  Crown  glass  for  windows  is 
made  of  a  purer  alkali,  and  sand  which  is  free  from  iron. 
Plate  glass,  for  looking-glasses,  is  composed  of  sand  and  alkali 
in  their  purest  state ;  and  in  the  formation  of  flint  glass,  beside 
these  pure  ingredients,  a  considerable  quantity  of  litharge  or 
red  lead  is  employed.  A  small  portion  of  peroxide  of  man- 
ganese is  also  used,  in  order  to  oxydize  carbonaceous  matters 
contained  in  the  materials  of  the  glass;  and  nitre  is  sometimes 
added  with  the  same  intention.  Ordinary  flint  glass  contains 
51.93  per  cent,  of  silicic  acid,  33.28  of  oxide  of  lead,  and  13.77 
of  potassa ;  proportions  which  correspond  to  1  equivalent  of 
potassa,  1  equivalent  of  oxide  of  lead,  and  nearly  4  equivalents 
of  silicic  acid.  Flint  glass,  accordingly,  is  a  double  salt,  con- 
sisting chiefly  of  bisilicate  of  potassa  and  bisilicate  of  oxide  of 
lead. 

526.  Silica  is  applied  in  the  arts  to  several  important  pur- 
poses, as  in  the  manufacture  of  glass  and  porcelain  ware. 
Mixed  with  hydrate  of  lime  it  constitutes  common  mortar, 
but  united  with  it  in  certain  proportions  in  the  form  of  clay, 
it  constitutes  water  cement,  which  is  capable  of  hardening 
under  water. 
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■^^"627.  This  sabstance  was  first  discovered  by  Berzelius  fa 
^^*1818,  wlio  gave  it  its  present  name,  from  EjXijh;,  Ike  moon. 

It  Was  first  detected  by  him  in  a  manuiaclory  of  sulpharfc 
acid,  in  which  the  sulphur  used  was  obtained  from  the  ina 
pyrites  (a  nntive  compound  of  iron  and  sulphur),  of  Fabian  !l 
Sweden.  It  is  found  combined  with  sulphur  in  some  of  the; 
volcanic  products  of  the  Lipari  islands,  and  also  in  union  with 
several  of  the  metals,  as  lead,  silver,  cobalt,  mercury,  and  copi 
per  in  the  Hartz  mountains.  In  the  United  States  it  has  faeea 
discovered  in  one  or  two  localities  associated  with  iron 
pyrites.  From  these  compounds  it  is  obtained  by  a  complicated 
process. 

536.  Selenium,  at  common  temperoturea,  in  a  briltle,  opaque  solid,  v 
oal  taale  or  odor.  It  has  b  melsllic  luctcc  and  the  upecl  of  lead  when  fs 
miH  :  but  it  U  of  a  deep  red  color  when  reduced  to  powder.  Its  apedSC 
jrruvilj  IB  1.33.  At  313=  il  Boflcne,  and  ia  Ihen  w  tenacious  that  it  may  b 
drawn  out  into  fine  threads  which  are  Iraneparent,  and  appear  red  by  trail' 
tnilted  liffht  II  becomes  quite  fluid  Ht  a  temperature  eomewhal  alwTe  th 
oT  bailing  water.  It  boils  at  about  G5D°,  rorming-  a  vapor  which  has  a  iet 
yellow  color,  but  is  free  from  odor.  It  may  be  sublimed  in  close  veaM 
without  change,  and  condenses  a  fain  into  dark  globules  of  a  met 
or  ttfl  a  cinnabar-red  powder,  according  aa  the  space  in  which  i 
email  or  large.  Benclius  at  iirst  regarded  it  aa  a  metal;  but,  ai  ...  . 
imperfect  conductor  of  heat  and  electricity,  it  more  properly  bclonge  to  the 
class  of  (he  simple  non-mctallic  bodies. 

Selenium  ia  insoluble  in  water.  It  auffcra  no  change  from  mere  eipoMiro 
to  Iho  atmoBphcre ;  hut  if  healed  in  tho  open  air,  it  combines  readily  wilh 
oxygen,  and  two  compounds,  oiide  of  aeleniuin  and  eelenioua  aeid,  are 
generated.  If  ciposed  to  the  ojtjdizing  part  of  the  blow-pipe  flame,  it 
ungcB  (he  flame  with  a  light  blue  color,  and  exhales  so  strnng  an  odor  of 
decayed  horse-radish,  that  ^th  of  a  grain  is  said  to  be  sufficient  to  scent 
the  air  of  a  large  apartment  By  this  character  the  presence  of  seleniuBif^  j 
whether  alnne  or  in  combination,  laaj  always  be  delected. 

539.  Selenium  combines  with  oxygen  in  three  propor(i< 
(iiide  and  two  acids,  the  selenious  and  Belenic,  the  last  of  i 


CHLORINE. 


201 


SECTION  X. 
CHLORINE. 

Symbol  CI;  Equivalent  35.42. 

530.  Chlorine  was  discovered  by  Scheele,  in  the  year  1774, 
and  called  by  him  dephlogisticated  marine  acid.  For  many 
years  it  was  considered  a  compound  of  muriatic  acid  and 
oxygen,  and  was  hence  called  oxy-muriatic  acid,  but  at  the 
present  time  it  is  universally  regarded  as  a  simple  substance. 

Fig.  79.  Chlorine  gas  is  obtained 

by  the  action  of  hydro- 
chloric acid  on  peroxide 
of  manganese.  The  most 
convenient  method  of  pre- 
paring it  is  by  mixing 
concentrated  hydrochlo- 
ric acid,  contained  in  a 
glass  flask,  with  half  its 
weight  of  finely  powdered 
peroxide  of  manganese.  Effervescence,  owing  to  the  escape 
of  chlorine,  takes  place  even  in  the  cold ;  but  the  gas  is  evolved 
much  more  freely  by  the  application  of  a  moderate  heat.  It 
should  be  collected  in  inverted  glass  bottles  filled  with  warm 
water;  and  when  the  water  is  wholly  displaced  by  the  gas,  tlio 
bottles  should  be  closed  with  a  well-ground  glass  stopper.  As 
some  hydrochloric  acid  gas  commonly  passes  over  with  it,  the 
chlorine  should  not  be  conindered  quite  pure,  till  after  being 
transmitted  through  water. 

531.  The  theory  of  this  process  will  be  readily  understood  by 
first  viewing  the  elements  which  act  on  each  other,  by  means 
of  the  following  formula :  MnO,,  2HCl=MnCl,  2H0+C1. 

It  will  be  seen  therefore  that  2  equivalents  of  hydrochloric 
acid  and  1  equivalent  of  peroxide  of  manganese  yield  1  eq.  of 
chloride  of  manganese,  2  of  water,  and  1  of  free  chlorine. 
The  affinities  which  determine  these  changes  are  the  mutual 
attraction  of  oxygen  and  hydrogen,  and  of  chlorine  and  man- 
ganese. 

By  making  use  of  the  equivalent  numbers  of  the  several 
substances  employed,  we  may  easily  determine  the  propor- 
tions of  each  to  be  used,  in  order  to  prepare  a  given  quantity 
of  chlorine. 

When  only  a  small  quantity  of  the  gas  is  desired,  it  may  be 
collected  sufficiently  pure  in  the  following  manner :  I^et  a  be 
the  vessel  containing  the  materials  from  which  the  chlorine  is 
evolved,  c  that  in  which  it  is  to  be  collected.  If  the  tube  by 
which  the  gas  enters  is  made  to  terminate  near  the  bottom  of 
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Fig.  80. 
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the  receiver,  as  in  fig. 
80,  the  chlorine,  in  con- 
sequence of  its  greater 
specific  gravity,  will 
gradually  lift  the  air 
and  at  length  entirdy 
displace  it,  just  as  a 
stream  of  water,  intro- 
duced in  a  similar  mao*  W^ 
ner  into  a  vessel  of  oil, 
would  entirely  expel  ft 
and  take  its  place. 

When  it  is  an  object 
to  prepare  chlorine  at^ 
the  cheapest  rate,  as 
for  the  purposes  of 
manufacture,  the  pre- 
ceding process  is  modified  in  the  foUowing  manner : — Three 
parts  of  sea-salt  are  intimately  mixed  with  one  of  peroxide  of  {• 
manganese,  and  to  this  mixture  two  parts  of  sulphuric  acid, 
diluted  with  an  equal  weight  of  water,  are  added.  By  the 
action  of  sulphuric  acid  on  sea-salt,  hydrochloric  acid  is  disen- 
gaged, which  reacts,  as  in  the  former  case,  upon  the  peroxide 
of  manganese;  so  that,  instead  of  adding  hydrochloric  acid 
directly  to  the  manganese,  the  materials  for  forming  it  are  em- 
ployed. In  this  process,  however,  thte  sulphates  of  soda  and 
protoxide  of  manganese  are  generated,  instead  of  chloride  of 
manganese.  The  chemical  changes  that  take  place  are  exhi- 
bited in  the  formula  which  follows;  the  symbols  on  the  left  of 
the  sign  =  representing  the  substances  before  the  action  takes 
place,  those  on  the  right,  the  results  of  the  action.  MnOa-j- 
NaCl+2S03=MnO,S03+NaO,  SO3+CI. 

532.  Chlorine  (from;t'^io^j,  green,)  is  a  yellowish  green  colored 
gas,  which  has  an  astringent  taste  and  a  disagreeable  odor.  It 
is  one  of  the  most  suffocating  of  the  gases,  exciting  spasm  and 
great  irritation  of  the  glottis,  even  when  considerably  diluted 
with  air.  Its  density  at  the  usual  temperature  and  pressure  is 
2.47,  which  gives  76.59 grains  as  the  weight  of  100  cubic  inches. 
Under  the  pressure  of  about  four  atmospheres,  it  is  a  limpid 
liquid  of  a  bright  yellow  color,  which  does  not  freeze  at  the  tem- 
perature of  zero,  and  which  assumes  the  gaseous  form  with  the 
appearance  of  ebullition  when  the  pressure  is  removed.  This 
liquid  is  a  non-conductor  of  electricity. 

Cold  recently  boiled  water,  at  the  common  pressure,  absorbs 
twice  its  volume  of  chlorine,  and  yields  it  again  when  heated. 
The  solution,  which  is  made  by  transmitting  a  current  of  chlo- 
rine gas  through  cold  water,  has  the  color,  taste,  and  most  of 
the  other  properties  of  the  gas  itself.  When  moist  chlorine  gas 
is  exposed  to  a  cold  of  32°,  yellow  crystals  are  formed,  wluch 


CHLORINE.  203 

consist  of  35.42  parts  or  one  equivalent  of  chlorine,  and  90  parts 
>r  ten  equivalents  of  water. 

533.  Chlorine  experiences  no  chemical  change  from  the  action 
»f  the  imponderables.  Thus,  it  is  not  affected  chemically  by 
ntense  heat,  by  strong  shocks  of  electricity,  or  by  a  powerful 
i;alvanic  battery.  Davy  exposed  it  also  to  the  action  of  char- 
joal  heated  to  whiteness  by  galvanic  electricity,  without  sepa- 
ating  oxygen  from  it,  or  in  any  way  affecting  its  nature.  It 
s  therefore  with  propriety  considered  a  simple  substance. 

Chlorine  unites  with  some  substances  with  evolution  of  heat 
md  light,  and  is  hence  termed  a  supporter  of  combustion.  If  a 
ighted  taper  be  plunged  into  chlorine  ^s,  it  burns  for  a  short 
ime  with  a  small  red  flame,  and  emits  a  large  quantity  of 
uDoke.  Phosphorus  takes  fire  in  it  spontaneously,  and  burns 
i^ith  a  pale  white  light.  Several  of  the  metals,  such  as  tin, 
»pper,  arsenic,  antimony,  and  zinc,  when  introduced  into 
Fiorina  in  the  state  of  powder  or  in  fine  leaves,  are  suddenly 
inflamed.  In  all  these  cases  the  combustible  substances  unite 
irith  chlorine. 

534.  Chlorine  has  a  very  powerful  attraction  for  hydrogen ; 
when  mixed  together  in  the  diffused  light  of  day,  they  gradually 
combine.  By  exposure  to  the  direct  rays  of  the  sun,  or  by  the 
approach  of  an  ignited  body,  or  the  electric  spark,  they  explode. 
Indeed  many  of  the  chemical  phenomena  to  which  it  gives  rise 
are  owing  to  its  aflfinity  for  hydrogen.  A  striking  example  is 
its  power  of  decomposing  water  by  the  action  of  light,  or  at  a 
red  heat ;  and  most  compound  substances,  of  which  hydrogen 
is  an  element,  are  deprived  of  that  principle,  and  therefore  "de- 
composed in  like  manner.  For  the  same  reason,  when  chlorine, 
water,  and  some  other  body  which  has  a  strong  affinity  for 
oxygen,  are  presented  to  one  another,  water  is  usually  resolved 
into  its  elements,  its  hydrogen  attaching  itself  to  the  chlorine, 
and  its  oxygen  to  the  other  body.  Hence  it  happens  that 
chlorine  is,  indirectly,  one  of  the  most  powerful  oxydizing 
agents  which  we  possess. 

If  a  piece  of  paper  be  moistened  with  spirit  of  turpentine,  and 
suspended  by  a  wire  in  a  bottle  of  pure,  dry  chlorine,  the  tur- 
pentine will  take  fire  and  burn,  the  hydrogen  combining  with 
the  chlorine,  and  the  carbon  being  precipitated. 

535.  When  any  compound  of  chlorine  and  an  inflammable  is 
exposed  to  the  influence  of  galvanism,  the  inflammable  body 
goes  over  to  the  negative,  and  chlorine  to  the  positive  pole  of 
the  battery.  This  establishes  a  close  analogy  between  oxygen 
and  chlorine,  both  of  them  being  supporters  of  combustion  and 
both  negative  electrics. 

One  of  the  most  important  properties  of  chlorine  is  its  bleach- 
ing power.  All  animal  and  vegetable  colors  are  speedily  re- 
moved by  it ;  and  when  the  color  is  once  discharged,  it  can 
never  be  restored.  But  it  cannot  bleach  unless  water  is  present 
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Thus  dry  litmus  paper  suffers  no  change  in  dry  chlorine;  but 
when  water  is  admitted,  the  color  speedily  disappears.  It  is 
well  known  also  that  hydrochloric  acid  is  always  generated 
when  chlorine  bleaches.  From  these  facts  it  is  inferred  that 
water  is  decomposed  during  the  process;  that  its  hydrogen 
unites  with  chlorine,  and  that  decomposition  of  the  coloring 
matter  is  occasioned  by  the  oxygen  which  is  liberated.  . 

Kane,  however,  contends  that  the  presence  of  water  is  not  f^ 
always  necessary,  if  indeed  it  ever  is;  but  that  the -chlorine 
enters  into  the  constitution  of  the  new  substance  formed  by 
the  destruction  of  the  coloring  matter,  sometimes  combinii^ 
directly  with  it  or  replacing  hydrogen  contained  in  it,  and  at 
others  producing  a  more  complex  reaction,  the  different  stages  • 
of  which  have  not  been  traced.    From  its  action  on  organic  t 
matter,  chlorine  is  extensively  employed  as  a  disinfecting 
agent,  to  remove  the  infectious  miasma  and  offensive  effluvia    1 
with  which  the  atmospheres  of  hospitals,  sewers,  and  other  ^ 
places,  are  often  loaded.    For  this  purpose  it  is  desirable  that 
the  gas  should  be  evolved  slowly  but  continuously,  which  is 
tolerably  well  accomplished  by  simply  putting  some  bleaching 
salt  moistened  with  water  in  a  shallow  vessel  and  placing  it  in 
as  high  a  position  as  possible,  in  the  room  to  be  fumigated.    If 
some  sulphuric  acid  is  allowed  gradually  to  fall  upon  it  from  a 
dropping  tube,  the  gas  will  be  evolved  more  rapidly. 

536.  C:hlorine  is  in  general  easily  recognized  by  its  color  and 
odor.  Chemically  it  may  be  detected  by  its  bleaching  property, 
added  to  the  circumstance  that  a  solution  of  nitrate  of  oxide 
of  silver  occasions  in  it  a  dense  white  precipitate  (a  compound 
of  chlorine  and  metallic  silver),  which  becomes  dark  on  expo- 
sure to  light,  is  insoluble  in  acids,  and  dissolves  completely  in 
pure  ammonia.  When  combined  with  a  metal,  its  solution 
gives  the  same  kind  of  precipitate  of  chloride  of  silver,  but  the 
bleaching  properties  and  smell  are  absent. 

CHLORINE    AND    OXYGEN. 

537.  Chlorine  and  oxygen  combine  in  four  different  propor- 
tions, forming  compounds,  the  leading  characteristic  of  which 
is  derived  from  the  circumstance  that  chlorine  and  oxygen,  the 
attraction  of  which  for  most  elementary  substances  is  so 
energetic,  have  but  a  feeble  affinity  for  each  other.  These 
principles,  consequently,  are  never  met  with  in  nature  in  a 
state  of  combination  with  each  other.  Indeed,  they  cannot  be 
made  to  combine  directly;  and  when  they  do  unite,  very  slight 
causes  effect  their  separation. 

Chemists  have  not  been  entirely  agreed  as  to  the  number  of 
these  compounds,  but  recent  experiments  have  fully  established 
the  existence  of  four  as  above  mentioned,  all  of  which  are 
to  be  regarded  as  acids.  Their  names  and  constitution  are  as 
follows : 
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Chlorine.  Oxygen,     Equiv,      Symbols, 

HypochJorous  acid 1  eq.  +  1  eq. . .  .43.42 CIO 

Chlorous  acid 1  eq.  -f-  4  eq. . .  .67.42 CIO  ^ 

Chloric  acid 1  eq.  +  5  eq. . .  .75.42. . .  .CIO5 

Perchloric  acid 1  eq.  +  7  eq. . .  .91.42. . . . CIO7 

538.  Hypochlorous  Acid, — If  a  current  of  chlorine  is  passed  through  a 
pare  hyd rated  alkali  or  alkaline  earth,  combination  takes  place,  and  a  bleach- 
ing substance  is  obtained  which  has  generally  been  considered  as  a  direct 
compound  of  chlorine  and  the  alkaline  base,  but  recent  experiments  show 
that  it  is  a  mixture  of  a  metallic  chloride  and  the  hypochlorite  of  the  base 
lued.  From  this  hypochlorite  the  acid  in  question  is  obtained  as  a  trans, 
parent  liquid  of  a  slightly  yellow  color. 

The  pure  acid  is  better  prepared  by  pouring  a  small  quantity  of  water 
with  half  its  weight  of  the  red  oxide  of  mercury  into  a  vial  of  chlorine ;  the 
fas,  by  a  little  agitation,  is  entirely  absorbed,  forming  bichloride  of  mcr- 
cary  and  hypochlorous  acid,  according  to  the  following  formula :  HgO^-f* 
4Cl=sHgC12-|-2ClO.  The  hypochlorous  acid  being  very  volatile  may  be 
distilled  at  a  low  temperature  and  obtained  pure  except  that  it  is  diluted 
with  water.     It  has  also  been  obtained  in  a  gaseous  state. 

This  acid  possesses  a  strong  and  penetrating  odor,  but  different  from  that 
of  chlorine.  It  is  highly  corrosive  to  the  flesh,  acting  much  like  nitric  acid, 
but  more  energetically.  In  a  concentrated  state  it  is  very  easily  decom- 
posed,  which  effect  is  produced  by  the  direct  rays  of  the  sun,  by  a  slight 
elevation  of  temperature,  and  by  a  variety  of  other  causes.  It  is  one  of  the 
most  powerful  oxydizing  agents  known,  and  possesses  strong  bleaching 
properties. 

The  gas  discovered  by  Davy  in  1811,  and  described  by  him  under  the 
name  of  euchlorine,  and  by  oUiers  as  protoxide  of  chlorine^  is  found  to  be  a 
mixture  of  chlorine,  and  chlorous  acid,  the  compound  which  is  next  to  come 
before  us  for  examination. 

539.  Chlorous  Acid. — ^This  compound  was  discovered  by  Davy,  in  1815, 
and  has  generally  been  described  under  the  name  of  peroxide  of  chlorine, 
but  is  now  ranked  among  the  acids,  as  it  is  proved  to  form  definite  com- 
pounds with  the  alkaline  bases. 

Chlorous  acid  is  formed  by  the  action  of  sulphuric  acid  on  clilorate  of 
potbssa.  A  quantity  of  this  salt,  not  exceeding  50  or  60  grains,  is  reduced 
to  powder,  and  made  into  a  paste  by  the  addition  of  strong  sulphuric  acid. 
The  mixture,  which  acquires  a  deep  yellow  color,  is  placed  in  a  glass  retort, 
and  heated  by  warm  water,  the  temperature  of  whicn  is  kept  under  213^. 
A  bright  yellowish-green  gas  of  a  richer  color  than  chlorine  is  disengaged, 
which  has  an  aromatic  odor  without  any  smell  of  chlorine,  and  which  is  ab- 
sorbed rapidly  by  water,  to  which  it  communicates  its  tint.  This  gas  is 
chlorous  acid.  It  may  be  collected  over  mercury,  or,  from  its  great  density, 
like  chlorine  (531)  in  a  dry  jar. 

The  chemical  changes  which  take  place  in  the  process  arc  explained  in 
the  following  manner.  The  sulphuric  acid  decomposes  some  of  tlie  chlorate 
of  potassa,  and  st  ts  chloric  acid  at  liberty.  The  chloric  acid,  at  the  moment 
of  separation,  resolves  itself  into  chlorous  acid  and  oxygen  ;  the  last  of  which, 
instead  of  escaping  as  free  oxygen  gas,  goes  over  to  the  acid  of  some  unde- 
composed  chlorate  of  potassa,  and  converts  it  into  perchloric  acid.  The 
whole  products  are  bisulphate  and  perchlorato  of  potassa  and  chlorous 
acid. 

18 
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Chlorous  acid  destroys  most  vegetable  blue  colors,  without  previoDsly 
reddening  them.  Phosphorus  takes  fire  spontaneously  in  it,  and  burns 
with  great  brilliancy  in  the  mixture  of  chlorine  and  oxygen  produced  by  ite 
decomposition.  The  combustion  of  phosphorus  may  even  be  effected  under 
water  by  it  This  is  done  by  placing  some  crystals  of  chlorate  of  potassa, 
and  pieces  of  phosphorus  together  at  the  bottom  of  a  tall  glass  filled  with 
water,  and  conducting  to  the  mixture  some  sulphuric  acid  by  means  of  a 
glass  funnel ;  as  each  bubble  of  chlorous  acid  is  liberated,  it  produces  a 
rapid  and  brilliant  combustion  of  the  phosphorus.  It  explodes  violently 
when  heated  to  a  temperature  of  212^^,  and  emits  a  strong  light. 

Chlorous  acid  unites  readily  with  the  alkalies  and  alkaline  earths,  by 
passing  a  current  of  the  gas  through  their  solutions,  which  may  thus  be 
rendered  perfectly  neutral. 

540.  Chloric  Acid. — If  a  current  of  chlorine  be  transmitted 
through  a  strong  solution  of  potassa,  a  portion  of  the  alkali  is  \ 
decomposed,  and  chloride  of  potassium,  and  hypochlorite  of 
potassa,  are  formed.  If  the  solution  is  now  heated  to  the  boil- 
ing point,  this  latter  salt  is  decomposed,  and  after  some  further 
complicated  changes,  there  are  contained  in  the  solution 
chlorate  of  potassa,  and  chloride  of  potassium. 

When  to  a  dilute  solution  of  chlorate  of  baryta,  weak  sul- 
phuric acid,  exactly  sufficient  for  combining  with  baryta,  is 
added,  the  insoluble  sulphate  of  baryta  subsides,  and  pure 
chloric  acid  remains  in  the  liquid. 

Chloric  acid  reddens  vegetable  blue  colors,  has  a  sour  taste, 
and  forms  neutral  salts,  called  chlorates,  (formerly  hyperoxy- 
muriates,)  with  alkaline  bases.  It  possesses  no  bleaching  pro- 
perties, a  circumstance  by  which  it  is  distinguished  from  chlo- 
rine. It  gives  no  precipitate  in  solution  of  nitrate  of  oxide 
of  silver,  and  hence  cannot  be  mistaken  for  hydrochloric  acid. 
Chloric  acid  is  easily  decomposed  by  deoxydizing  agents. 
Sulphurous  acid,  for  instance,  deprives  it  of  oxygen,  with  for- 
mation of  sulphuric  acid  and  evolution  of  chlorine.  By  the 
action  of  hydrosulphuric  acid,  water  is  generated,  while  sulphur 
and  chlorine  are  set  free. 

541.  Perchloric  Acid. — The  saline  matter  which  remains  in  the  retort 
afler  forming  chlorous  acid  (539)  is  a  mixture  of  perch  lor  ate  and  bisulphate 
of  potassa ;  and  by  washing  it  with  cold  water,  the  bisulphate  is  dissolved, 
and  the  perchlorate  is  left.  Perchloric  acid  may  be  prepared  from  this  salt 
by  mixing  it  in  a  retort  with  half  its  weight  of  sulphuric  acid,  diluted  with 
one-third  of  water,  and  applying  heat  to  the  mixture.  At  a  temperature  of 
about  S84*^  white  vapors  rise,  which  condense  as  a  colorless  liquid  in  the 
receiver.    This  is  a  solution  of  perchloric  acid. 

CHLORINE    AND    HYDROGEN. 

There  is  only  one  compound  of  hydrogen  and  chlorine,  as 
follows : 

Chlorine,  Hydrogen,    Equiv,      Symhol. 

Hydrochloric  acid 1  eq.  +  1  eq 36.42 HCl 
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542.  Hydrochloric  Add. — ^This  substance  exists  naturally  as 
a  gas,  a  solution  of  which  in  water  has  been  known  from 
remote  ages  under  the  name  of  muriatic  acid,  or  spirit  of  salt. 

It  was  discovered  in  its  pure  form  of  gas  by  Priestley,  in 
1772,  and  may  be  conveniently  prepared  by  putting  an  ounce 
of  strong  hydrochloric  acid  solution  into  a  glass  flask,  and 
heating  it  by  means  of  a  lamp  till  the  liquid  boils,  when  the  gas 
is  freely  evo:\  «»J,  and  may  be  collected  over  mercury.  Another 
method  of  preparing  it  is  by  the  action  of  concentrated  sul- 
phuric acid  on  an  equal  weight  of  sea-salt.  Brisk  effervescence 
ensues  at  the  moment  of  making  the  mixture,  and  on  the  appli- 
cation of  heat,  a  large  quantity  of  hydrochloric  acid  gas  is  dis- 
engaged. In  the  former  process,  hydrochloric  acid,  previously 
dissolved  in  water,  is  simply  expelled  from  the  solution  by 
heat.  The  explanation  of  the  latter  process  is  more  compli- 
cated. Sea-salt  was  formerly  supposed  to  be  a  compound  of 
hydrochloric  acid  and  soda ;  and  on  this  supposition,  the  soda 
was  believed  merely  to  quit  the  hydrochloric  and  unite  with 
sulphuric  acid.  But  recent  researches  have  proved  that  it 
consists  of  chlorine  and  sodium  combined  in  the  ratio  of  their 
equivalents.  The  nature  of  its  action  with  sulphuric  acid  will 
be  understood  by  comparing  the  elements  concerned  in  the 
change  before  and  after  it  has  occurred,  by  means  of  the  for- 
mula :  SO3,  HO+NaCl=NaO,  SO3+HCI. 

Thus  it  appears  that  single  equivalents  of  water,  sulphuric 
acid,  and  chloride  of  sodium,  yield  sulphate  of  soda  and  hydro- 
chloric acid.  The  water  of  the  sulphuric  acid  is  essential;  so 
much  so,  indeed,  that  chloride  of  sodium  is  EOt  decomposed  by 
anhydrous  sulphuric  acid. 

543.  Hydrochloric  acid  may  be  generated  by  the  direct  union 
of  its  elements.  When  equal  measures  of  chlorine  and  hydro- 
gen are  mixed  together,  and  an  electric  spark  is  passed  through 
the  mixture,  instantaneous  combination  takes  place,  heat  and 
light  are  emitted,  and  hydrochloric  acid  is  generated.  A  similar 
effect  is  produced  by  flame,  by  a  red-hot  body,  and  by  spongy 
platinum.  Light  also  causes  them  to  unite.  A  mixture  of  the 
two  gases  may  be  preserved  without  change  in  a  dark  place; 
but  if  exposed  to  the  diffused  light  of  day,  gradual  combination 
ensues,  which  is  completed  in  the  course  of  24  hours.  The 
direct  solar  ray,  like  flame  and  the  electric  spark,  produces  an 
explosion  by  a  sudden  inflammation  of  the  whole  mixture; 
but  to  insure  the  success  of  the  experiment,  the  gases  should 
be  very  pure,  and  the  chlorine  recently  prepared  over  warm 
water.  The  glass  vial  containing  the  mixed  gases,  after  being 
filled,  should  be  instantly  covered  with  a  black  cloth,  which 
can  be  suddenly  removed  by  a  stick  or  wire  after  it  is  placed 
in  the  sun's  rays. 

As  equal  volumes  of  the  gases  combine  without  any  change 
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of  volume,  the  specific  gravity  of  the  compound  formed  must 
be  1.27,  and  100  cubic  inches  will  of  course  weigh  39.38  grs. 

544.  Hydrochloric  acid  gas  is  colorless,  and  has  a  pungent 
odor  and  an  acid  taste.  Under  a  pressure  of  40  atmospheres, 
and  at  the  temperature  of  50^,  it  is  liquid.  It  is  quite  irrespira- 
ble,  exciting  violent  spasm  of  the  glottis ;  but  when  diluted  with 
air,  it  is  far  less  irritating  than  chlorine.  All  burning  bodies 
are  extinguished  by  it,  nor  is  the  gas  itself  inflammable. 

It  is  not  chemically  changed  by  mere  heat,  but  is  readily  de- 
composed by  galvanism,  hydrogen  appearing  at  the  negative, 
and  chlorine  at  the  positive  pole.  It  is  also  decomposed  by 
ordinary  electricity.  The  decomposition,  however,  is  incom- 
plete ;  for  though  one  electric  spark  resolves  a  portion  of  the 
gas  into  its  elements,  the  next  shock  in  a  great  measure  effects 
their  reunion.  It  is  not  affected  by  oxygen  under  common  cir- 
cumstances; but  if  a  mixture  of  oxygen  and  hydrochloric  acid 
gases  is  electrified,  the  oxygen  unites  with  the  hydrogen  of  the 
acid  to  form  water,  and  chlorine  is  set  at  liberty. 

One  of  the  most  striking  properties  of  hydrochloric  acid  gas 
is  its  powerful  attraction  for  water.  A  dense  white  cloud  ap- 
pears whenever  it  escapes  into  the  air,  owing  to  its  combining 
with  the  aqueous  vapor  of  the  atmosphere.  When  a  piece  of 
ice  is  put  into  a  jar  full  of  the  gas  confined  over  mercury,  the 
ice  liquefies  on  the  instant,  and  the  whole  of  the  gas  disappears 
in  the  course  of  a  few  seconds.  On  opening  a'long  wide  jar 
of  hydrochloric  acid  gas  under  water,  the  absorption  of  the 
gas  takes  place  so  instantaneously,  that  the  water  is  forced  op 
into  the  jar  with  the  same  violence  as  into  a  vacuum. 

The  liquid  hydrochloric  acid  of  commerce  is  a  solution  of 
this  gas  in  water,  which,  at  the  temperature  of  40^,  will  take  up 
480  times  its  own  volume  of  it.  During  the  process,  the  tem- 
perature of  the  water  rises,  and  its  volume  is  considerably 
increased. 

545.  The  ordinary  method  of  preparing  hydrochloric  or 
muriatic  acid  is  to  take  equal  weights  of  common  salt,  sulphuric 
acid,  and  water;  and  the  acid,  diluted  with  one-third  of  the 
water,  is  poured  upon  the  salt  in  a  retort,  the  hydrochloric  acid 
gas  being  made  to  pass  through  or  into  the  remaining  two- 
thirds  of  the  water,  by  which  it  is  entirely  absorbed.  The  spe- 
cific gravity  of  the  acid  thus  obtained  is  1.17,  but  by  keeping 
the  temperature  from  rising  too  high,  the  acid  solution  may  be 
made  considerably  stronger. 

Hydrochloric  acid  of  commerce  has  a  yellow  color,  and  is 
always  impure.  Its  usual  impurities  are  nitric  acid,  sulphuric 
acid,  and  oxide  of  iron.  The  presence  of  these  substances 
may  easily  be  shown  by  the  usual  tests. 

546.  A  strong  solution  of  pure  hydrochloric  acid  is  a  colorless 
liquid,  which  emits  white  vapors  when  exposed  to  the  air,  is 
intensely  sour,  reddens  litmus  paper  strongly,  and  neutralizes 
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alkalies.  It  combines  with  water  in  every  proportion,  and 
causes  increase  of  temperature  when  mixed  with  it,  though  in 
a  much  less  degree  than  sulphuric  acid.  It  freezes  at  —60^, 
and  boils  at  110^,  or  a  little  higher,  giving  off  pure  hydrochloric 
acid  gas  in  large  quantities. 

547.  Hydrochloric  acid  is  decomposed  by  substances  which 
yield  oxygen  readily.  Thus  several  peroxides,  such  as  those 
of  manganese,  cobalt,  and  lead,  effect  its  decomposition.  Chlo- 
ric, iodic,  bromic,  nitric,  and  selenic  acids  act  on  the  same  prin- 
ciple. A  mixture  of  nitric  and  hydrochloric  acids,  in  the  ratio 
of  one  measure  of  the  former  to  two  of  the  latter,  has  long  been 
known  under  the  name  of  aqua  regia,  or  rea;  metallorum,  as  a 
solvent  for  gold  and  platinum.  When  these  acids  are  mixed 
together,  the  solution  instantly  becomes  yellow;  and  on  heat^ 
ing  the  mixture,  pure  chlorine  is  evolved. 

The  nitric  and  hydrochloric  acids  react  upon  each  other,  and 
chlorine,  nitrous  acid,  and  water  are  produced;  HC1+N05= 
CI+NO4+HO.  This  decomposition,  however,  proceeds  only 
so  far  as  to  saturate  the  liquid  with  chlorine,  but  if  heat  is 
applied  to  expel  the  chlorine,  or  a  metal  placed  in  the  liquid 
with  which  it  will  unite,  new  quantities  of  the  acid  are  decom- 
posed. Nitrohydrochloric  acid,  therefore,  is  a  source  of  chlo^ 
rine  in  a  very  concentrated  state,  and  is  capable  of  dissolving 
several  substances  which  are  not  attached  by  any  single  acid. 

Hydrochloric  acid  may  readily  be  distinguished  by  its  odor 
and  volatility,  and  by  its  giving,  with  a  solution  of  nitrate  of 
silver,  a  precipitate  of  the  white  chloride  of  silver,  which  is 
blackened  by  exposure  to  the  light. 

This  acid  is  used  in  the  arts  with  nitric  acid,  as  a  solvent  for 
gold  and  platinum,  and  in  the  preparation  of  hydrochlorate  of 
tin,  which  is  employed  as  a  mordant  in  coloring.  It  serves  as 
a  solvent  for  phosphate  of  lime,  and  by  its  action,  in  a  few 
days,  all  the  solid  parts  may  be  removed  from  bones  without 
destroying  their  texture,  or  essentially  changing  their  appear- 
ance. It  is  one  of  the  most  important  chemical  agents  employed 
in  the  laboratory. 

CHLORINE    AND    NITROGEN. 

The  only  known  compound  of  these  two  substances  is  the 

foUowing : 

Chlorine,  Nitrogen,    Equiv,      Symbol, 

duadrochloride  of  nitrogen. .  .4  eq.  + 1  eq. . . .  1 55.83. . .  .NCI4 

548.  Quadrochloride  of  Nitrogen, — It  seems  not  entirely  settled  whether 
this  compound  is  a  ter  or  a  quadro  chloride,  but  probably  the  latter.  Its 
elements  have  for  each  other  but  a  feeble  affinity,  and  do  not  unite  when 
presented  to  each  other  in  their  gaseous  form. 

A  convenient  mode  of  preparing  the  quadrochloride  of  nitrogen  is  the 
following.    An  ounce  of  ammonia  is  dissolved^  in  12  or  16  ounces  of  hot 
witer ;  and  when  the  solution  has  cooled  to  the  temperature  of  90°,  a  glass 
18* 
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rig,  81.  bottle  with  a  wide  iiioath«  fbU  oi  chlorine,  is  in- 

verted in  it,  as  represented  in  figure  81.  The  so- 
lution gradually  absorbs  the  chlorine,  and  acquires 
a  yellow  color ;  and  in  about  20  minutes,  globules 
of  a  yellow  fluid  are  seen  floating  like  oil  upon  its 
surface,  which  after  acquiring  the  size  of  a  small 
pea,  sink  to  the  bottom  of  the  liquid.  The  drops 
of  the  chloride,  aa.  they  descend,  should  be  col- 
lected in  a  small  saucer  of  lead,  placed  for  that 
purpose  under  the  mouth  of  the  bottle. 

This  substance  is  one  of  the  most  explosive 
compounds  yet  known,  having  been  the  cause  of 
'serious  accidents  to  several  who  have  experimented 
with  it  Its  specific  gravity  is  1.65.  It  does  not  congeal  in  the  intense 
cold  produced  by  a  mixture  of  snow  and  salt  It  may  be  distilled  at  160° ; 
but  at  a  temperature  between  200^  and  212°  it  explodes.  It  appears  that 
its  mere  contact  with  some  substances  of  a  combustible  nature  causes  deto- 
nation even  at  common  temperatures.  This  result  ensues  particularly 
with  oils,  both  volatile  and  fixed.  The  products  of  the  explosion  are  chlorine 
and  nitrogen. 

The  formation  of  this  compound  b  never  unattended  with  danger,  and 
should  not  be  attempted  but  with  the  utmost  caution. 

CHLORINE    AND    CARBON. 

There  are,  it  is  believed,  but  three  compounds  of  these  elements,  the  com- 
position of  which  will  appear  from  the  following  table: 

Chlorine.  Carbon.    Equiv,      Symhois, 

Protochloride  of  carbon , . . .  .1  eq.  -f-  1  eq.. . .  41.54. . .  .CCl 

Dichloride  of  carbon 1  eq.  -j-  2  eq. . . .   47.66 . . , .  C  CI 

Perchloride  of  carbon 3  eq.  -f-  2  eq. . . .  1 18.5   ....  C^Clj 

The  last  only  of  these  compounds  will  be  described. 

549.  Perchloride  of  Carbon, — This  compound  may  be  formed  by  mucing 
together  defiant  gas  and  chlorine.  Combination  readily  takes  place  be- 
tween them,  and  an  oil-like  liquid  is  generated,  which  consists  of  chlorine, 
carbon,  and  hydrogen.  On  exposing  this  liquid,  in  a  vessel  full  of  chlorine 
gas,  to  the  direct  solar  rays,  the  chlorine  acts  upon  and  decomposes  the 
liquid,  hydrochloric  acid  is  set  free,  and  the  carbon,  at  the  moment  of  sepa- 
ration, unites  with  the  chlorine. 

Perchloride  of  carbon  is  solid  at  common  temperatures,  has  an  aromatic 
odor,  approaching  to  that  of  camphor,  is  a  non-conductor  of  electricity,  and 
refracts  light  very  powerfully.  Its  specific  gravity  is  exactly  double  that 
of  water.  It  fuses  at  320°,  and  afler  fusion  it  is  colorless  and  very  trans- 
parent. It  boils  at  360°,  and  may  be  distilled  without  change,  assuming  a 
crystaline  arrangement  as  it  condenses.  It  is  sparingly  soluble  in  water, 
but  dissolves  in  alcohol  and  ether,  especially  by  the  aid  of  heat.  It  is  solu- 
ble also  in  fixed  and  volatile  oils. 

Perchloride  of  carbon  burns  with  a  red  light  when  held  in  the  flame  of  a 
spirit-lamp,  giving  out  acid  vapors  and  smoke ;  but  the  combustion  ceases 
as  soon  as  it  is  withdrawn.  It  burns  vividly  in  oxygen  gas.  Alkalies  do 
not  act  upon  it ;  nor  is  it  changed  by  the  stronger  acids,  such  as  the  hydro- 
cblor'ic,  nitric,  or  sulphuric  acids,  even  with  the  aid  of  heat    Most  of  the 
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metals  decompose  it  also  at  the  temperature  of  ignition,  uniting  with  its 
chlorine,  and  causing  deposition  of  charcoal. 

CHLORINE    AND     SULPHUR. 

There  are,  according  to  Thomson  and  Kane,  two  compounds  of  these 
substances,  as  follows : 

Chlorine.  Sulphur,    Equiv,     Symbols. 

Chloride  of  sulphur 1  eq.  -{-  1  eq 51.52 ....  SCI 

Bichloride  of  sulphur 1  eq.  +  2  eq 67.62. . .  .S^Cl 

550.  Dichloride  of  Sulphur. — This  substance  may  be  prepared  by  passing 
a  current  of  chlorine  gas  through  flowers  of  sulphur  gently  heated,  until 
nearly  all  the  sulphur  disappears.  Direct  combination  ensues,  and  the  pro- 
duct distilled  off  from  uncombined  sulphur,  is  obtained  under  the  form  of  a 
liquid  which  appears  red  by  reflected,  and  yellowish-green  by  transmitted 
light  Its  density  is  1.69.  It  is  volatile  below  200°,  boils  at  280^  yielding 
vapor  which  has  a  density  of  4.70,  and  condenses  again  without  change  in 
cooling.  When  exposed  to  the  air  it  emits  acrid  fumes,  which  irritate  the 
eyes  powerfully,  and  has  an  odor  somewhat  resembling  sea- weed,  but  much 
stronger.  It  acts  with  energy  on  water : — mutual  decomposition  ensues, 
with  formation  of  hydrochloric  and  hyposulphurous  acids,  and  deposite  of 
sulphur,  by  which  the  water  is  rendered  cloudy. 

CHLORINE    AND     PHOSPHORUS. 

Chlorine  and  phosphorus  readily  combine,  and  form  the  two  following 
compounds,  viz. : 

Chlorine,   Phos,       Equiv,       Symbols, 

Sesquichloride  of  phosphorus. , . .  3  eq.  -{-  2  eq. . . .  137.66 ....  P2CI3 
Perchloride  of  phosphorus 5  eq.  +  2  eq.. .  .208.5   . , .  .PgCl^ 

551.  Sesquichloride  of  Phosphorus. — Sesquichloride  of  phosphorus  may 
be  prepared  by  passing  vapor  of  phosphorus  over  corrosive  sublimate  con- 
tained in  a  glass  tube.  It  is  a  clear  liquid  like  water,  of  specific  gravity 
1.45 ;  emits  acid  fumes  when  exposed  to  the  air,  owing  to  the  decomposi. 
tion  of  watery  vapor ;  but  when  pure,  it  does  not  redden  dry  litmus  paper. 
On  mixing  it  with  water,  mutual  decomposition  ensues,  heat  is  evolved,  and 
a  solution  of  hydrochloric  and  phosphorous  acids  is  obtained.  Thus  P2CI3 
and  3HO,  give  P3O3  and  3HCL 

552.  Perchloride  of  Phosphorus. — When  phosphorus  is  introduced  into 
a  jar  of  dry  chlorine,  it  inflames,  and  on  the  inside  of  the  vessel  a  white 
matter  collects,  which  is  perchloride  of  phosphorus.  It  is  very  volatile,  a 
temperature  much  below  212°  being  sufficient  to  convert  it  into  vapor. 
Under  pressure  it  may  be  fused,  and  it  yields  transparent  prismatic  crystals 
in  cooling.  In  contact  with  water  it  is  decomposed  with  the  evolution  of 
great  heat,  producing  phosphoric  and  hydrochloric  acids.  P^CL-j-dHO^: 
SHCl+P^O,. 

CHLORINE,    BORON,   SILICON,  ETC. 

553.  Terchloride  of  boron  (eq.  =  117.16,  symbol  BCI3,)  is  formed  by 
exposing  recently  prepared  boron  to  the  action  of  an  atmosphere  of  chlorine, 
or  by  the  action  of  dry  chlorine  on  a  mixture  of  charcoal  and  boracic  acid 
heated  to  redness  in  a  porcelain  tube.  It  is  a  colorless  ?as,  of  specific 
gnyity  4.08,  soluble  in  alcohol  and  water,  by  the  latter  of  vmc\^WD«N«c<^ 
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it  is  decomposed,  giving  rise  to  the  formation  of  hydrochloric  and  boracie 
acids. 

554.  Terchloride  of  nlieon  (eq.  =  128.76,  symbol  SiCIg,)  may  be  formed 
by  two  methods,  either  by  heating  silicon  in  chlorine,  which  causes  it 
readily  to  take  fire  with  the  formation  of  the  compound  in  question,  or  by 
passing  a  current  of  dry  chlorine  through  a  mixture  of  silicic  acid,  starch, 
and  oil,  heated  to  redness  in  a  porcelain  tube.  The  mixture  of  silica, 
starch,  &.C.,  should  be  heated  to  redness  in  a  covered  crucible  before  being 
introduced  into  the  porcelain  tube. 

Chlorine  forms  with  selenium  a  compound  which  resembles  the  chloride 
of  sulphur. 


SECTION  XI. 
IODINE. 

Symbol  I;  Equivalent  126.3. 

555.  Iodine  was  discovered  in  the  year  1812,  by  M.  Courtois, 
a  manufacturer  of  saltpetre  at  Paris.  In  preparinff  carbonate 
of  soda  from  the  ashes  of  sea-weeds,  he  observed  that  the  resi- 
dual liquor  corroded  metallic  vessels  powerfully;  and  on  in- 
vestigating the  cause  of  the  corrosion,  he  noticed  that  sulphuric 
acid  threw  down  a  dark-colored  matter,  which  was  converted 
by  the  application  of  heat  into  a  beautiflil  violet  vapor.  Struck 
with  its  appearance,  he  gave  some  of  the  substance  to  M. 
Clement,  who  recognized  it  as  a  new  body,  and  in  1813  de- 
scribed some  of  its  leading  properties  in  the  Royal  Institute  of 
France.  Its  real  nature  was  soon  after  determined  by  Gay- 
Lussac  and  Davy,  each  of  whom  proved  that  it  is  a  simple  non- 
metallic  substance,  exceedingly  analogous  to  chlorine. 

556.  Iodine  is  frequently  met  with  in  nature,  in  combination 
with  potassium  or  sodium.  Under  this  form  it  occurs  in  salt 
and  other  mineral  springs,  both  in  Europe  and  the  United 
States.  It  has  been  detected  in  the  oyster  and  some  other 
marine  molluscous  animals,  in  sponges,  and  in  most  kinds  of 
sea- weed.  In  some  of  these  productions,  such  as  the  Pucus 
serratus  and  Fucus  diffitatus,  it  exists  ready  formed,  and  may 
be  separated  by  the  action  of  water ;  but  in  others  it  can  be 
detected  only  after  incineration.  Marine  animals  and  plants 
doubtjess  derive  from  the  sea  'the  iodine  which  they  contain. 
It  is  found  also  in  the  mineral  kingdom,  in  combination  with 
silver. 

557.  Iodine  may  easily  be  detected  in  the  common  sponge  in 
the  following  manner : — Burn  a  small  piece  of  the  sponge  by 
holding  it  over  a  lamp  with  pincers,  in  the  open  air,  and  lixi- 
viate the  ashes  with  warm  water.  When  this  has  become 
cold,  introduce  a  little  cold  solution  of  starch,  which,  however 
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should  be  prepared  with  boiling  water,  and  thoroughly  mix  it 
with  the  liquid.  A  drop  of  sulphuric  acid  let  fall  into  it  will  at 
once  show  the  liberation  o€  free  iodine,  by  a  purple  or  blue 
color  given  to  the  liquid  at  the  bottom,  where  the  acid  imme- 
diately settles. 

All  the  iodine  of  commerce  is  procured  from  the  impure 
carbonate  of  soda,  called  kelp,  which  is  prepared  by  incinerating 
sea- weeds.  The  kelp  is  employed  by  soap-makers  for  the  pre- 
paration of  carbonate  of  soda ;  and  the  dark  residual  liquor 
remaining  after  that  salt  has  crystalized,  contains  a  considera- 
ble quantity  of  iodine,  combined  with  sodium  or  potassium. 
By  adding  a  sufficient  quantity  of  sulphuric  acid  and  peroxide 
of  manganese,  hydriodic  acid  is  first  generated,  and  then  de- 
composed. The  iodine  sublimes  when  the  solution  is  boiled, 
and  may  be  collected  in  cool  glass  receivers. 

A  good  method  of  exhibiting  the  formation  of  iodine,  is  to 
heat  in  a  glass  globe,  over  a  lamp  or  ignited  charcoal,  a  small 
quantity  of  sulphuric  acid,  and  throw  suddenly  into  it  half  a 
drachm  of  iodide  of  potassium.  A  large  quantity  of  iodine  will 
instantly  be  set  free,  and  its  vapor  fill  the  globe. 

558.  Iodine,  at  common  temperatures,  is  a  soft,  friable,  opaque 
solid,  of  a  bluish-black  color  and  metallic  lustre.  It  occurs 
usually  in  crystaline  scales,  having  the  appearance  of  micace- 
ous iron-ore ;  but  it  sometimes  crystalizes  in  large  rhomboidal 
plates,  the  primary  form  of  which  is  a  rhombic  octohedron. 
The  crystals  are  best  prepared  by  exposing  to  the  air  a  solution 
of  iodine  in  hydriodic  acid.  Its  specific  gravity  is  4.95.  At 
225^  it  is  fused,  and  enters  into  ebullition  at  347*^ ;  but  when 
moisture  is  present,  it  is  sublimed  rapidly  even  below  the  de- 
gree of  boiling  water,  and  suffers  a  gradual  dissipation  at  low 
temperatures.  Its  vapor  is  of  an  exceedingly  rich  violet  color, 
a  character  to  which  it  owes  the  name  of  iodine,  (from  moSj^j, 
violet-colored,)  This  vapor  is  the  heaviest  of  gaseous  bodies, 
its  specific  gravity  being  8  71,  which  gives  for  the  weight  of 
100  cubic  inches,  270.1  grains. 

Iodine  is  a  non-conductor  of  electricity,  and,  like  oxygen  and 
chlorine,  is  a  negative  electric.  It  has  a  very  acrid  taste,  and 
its  odor  is  very  similar  to  that  of  chlorine,  when  much  diluted 
with  air. 

559.  Iodine  is  very  sparingly  soluble  in  water,  requiring  about 
7000  times  its  weight  of  that  liquid  for  solution.  It  communi- 
cates, however,  even  in  this  minute  quantity,  a  brown  tint  to 
it  Alcohol  and  ether  dissolve  it  freely,  and  the  solution  has  a 
deep  reddish-brown  color. 

560.  Iodine  possesses  an  extensive  range  of  affinity.  It  de- 
stroys vegetable  colors,  though  in  a  much  less  degree  than 
chlorine.  It  manifests  little  disposition  to  combine  with  metallic 
oxides;  but  it  has  a  strong  attraction  for  the  pure  metals,  and 
for  most  of  the  simple  non- metallic  substances.    11  \a  x\.o\.  Nxv- 
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flammable,  bat  under  &\roFabie  czrcminCaDces  hb^^  Bke  ddo- 
rinp,  be  made  to  unite  with  oxygen. 

A.S  iodine  cannot  be  decompoaedr  it  is  oanadcEed  a  ample 
9uhstani!e. 

5r5l.  .^tarch  is  a  most  delicate  teat  fbr  free  iixfine^  bein^ 
chancreri  :)y  it  to  a  beautifui  blue  coior.  A  distinct  blue  tinge 
is  .^id  to  be  communicated  to  a  Motion  of  starch  by  « -/^^^^  of 
its  weight  of  iodine.  The  blue  coior  is  probalily  owin^  to  the 
fi>rmacion  of  a  definite  compound  of  these  aatistance&. 

Iodine  has  not  until  very  recoitly  been  used  in  the  arts,  ft 
is  now  maiie  use  of  in  photography,  as  described  above  ( 157). 

It  acts  energeticaOy  upon  the  human  i*y stem,  and  is  employed 
in  medicine  with  much  success,  hi  large  doses  it  is  poisonous. 

lODtSE    JLSD    QXTGHS. 

There  are,  it  im  believed,  fimr  coiupwuKl*  of  kHfine  and  azjgeii,  in.: 
oxide  of  indine,  mdaam,  iodic,  and  perioiiic  acid&.  Of  die  first  two  littfe  ii 
known,  as  they  have  nevo'  been,  ohtained  in  a.  ^rpamffr  atate.  The  lart  two 
are  eompoaed  as  fbilowa,  viz. : 


Ibdieadd I  «% -f  5  «% 1««^ lO- 

Periodic  add Ic^-f^c^ lSfL3 lO^ 


5^  hdic  Acid. — lodie  aeid  ia  fmned  by  the  action  fsi  io&at  upon  tha 
enehlorine  (538)  ai  'Dktj,  ehlocide  of  iat&am  haag  geaexmitd  at  the  sane 
time.  On  B^j'mg  beat,  Che  efaloride  of  MMfine  ia  ezpeOed  in  vapor,  whik 
the  updU  aeid  remains*  It  may  aJao  be  prepaicd  by  boffin^  iodine  in  fiuninf 
mtrie  aeid  imtil  it  ia  all  disMived,  and  then  diertlling  off  theezoeas  of  acid; 
Md  by  other  means. 

This  eompocmd  ia  a  white  sMni^ransparent  solid,  whiefa  has  a  strong 
astf  ini^ent  M>or  taste,  but  no  odor.  Its  density  is  considerable,  as  it  sinks 
rapidhr  in  galpbarie  aeid.  When  heated  to  the  temperature  of  ahoot  50<F 
If  it  ftuttd,  and  at  the  same  time  resotred  into  oxygen  and  iodine.  In  a  dry 
air  it  ft  tmehanged ;  bat  in  a  moist  atmosphere  it  absorbs  humidity,  fiMiniog 
the  hydrated  aeid,  and  eventoally  deliqoeaoea.  In  water,  it  is  very  solable, 
and  the  tolntfon  has  a  distinct  acid  reaction.  It  acts  powerfbDy  on  inflam- 
fnable  tabttancei.  With  charcoal,  solphnr,  sngar,  and  similar  combtuti- 
li^let,  H  fornm  mixtures  which  detonate  when  heated.  It  enters  into  combi- 
natkm  with  metallic  oxides,  forming  salts,  which,  like  the  chlorates,  yield 
pare  tjnyutni  bt  beat,  and  deflagrate  when  thrown  on  hamtng  charcoal. 

56d,  FerUHtic  Acid, — When  a  current  of  chlorine  gas  is  transmitted 
ihroagh  a  mixture  of  caattic  loda  and  iodate  of  todium  in  solntion,  perio- 
dflte  of  toda  is  formed,  which  subtides  by  heating,  as  a  sparingly  soloble 
white,  pnlvertilent  salt  Thit  may  be  decomposed  by  nitrate  of  silver  and 
the  Mfiodio  acid  obtained,  as  a  white  crystaline  solid.  It  is  in  composition 
analogous  to  perohlorio  acid. 

lODfNB    AND    HTDROOEN. 

There  Is  but  one  compound  of  these  substances,  viz.  : 

Iodine,  Hydrogen,     Equiv,    Symbol, 

Hydrlodlo  acid 1  eq.  +  1  eq 127.3. . .  .HI 
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564.  Hydriodic  Acid, — This  compound  is  formed  by  the  direct 
union  of  its  elements,  when  a  mixture  of  hydrogen  gas  and 
iodine  vapor  is  transmitted  through  a  porcelain  tube  at  a  red 
heat  A  more  convenient  process,  and  one  by  which  it  is  ob- 
tained in  a  pure  state,  is  by  the  action  of  water  on  the  periodide 
of  phosphorus  (567).  Any  convenient  quantity  of  the  iodide  is 
put  into  a  small  glass  retort,  together  with  a  little  water,  and 
a  gentle  heat  is  applied.  Mutual  decomposition  ensues ;  the 
oxygen  of  the  water  unites  with  phosphorus,  and  its  hydrogen 
with  iodine,  giving  rise  to  the  formation  of  phosphoric  and  hy- 
driodic acids,  the  latter  of  which  passes  over  in  the  form  of  a 
colorless  gas,  and  may  be  collected  by  the  method  of  displace- 
ment, as  described  (531). 

Hydriodic  acid  gas  has  a  very  sour  taste,  reddens  vegetable 
blue  colors  without  destroying  them,  produces  dense  white 
fames  when  mixed  with  atmospheric  air,  and  has  an  odor  simi- 
lar to  that  of  hydrochloric  acid  gas.  Its  specific  gravity  is  4  39 ; 
and  therefore  100  cubic  inches  must  weigh  136.13  grains.  Like 
hydrochloric  acid  gas,  it  cannot  be  collected  over  water;  for 
that  liquid  dissolves  it  in  large  quantity. 

When  a  current  of  gaseous  hydriodic  acid  is  passed  through 
water  until  it  is  saturated,  a  colorless  acid  solution  is  formed, — 
the  liquid  hydriodic  acid.  It  fumes  on  exposure  to  the  air,  and 
has  a  specific  gravity  of  1.7.  It  is  slowly  decomposed  by 
coming  in  contact  with  the  air. 

IODINE    AND    NITROGEN. 

Iodine  and  nitrogen  form  only  a  single  compound. 

Iodine.  Nitrogen.     Equiv.    Symbol. 
Teriodide  of  nitrogen 3  eq.  -j-  1  eq 393.05 ....  NI3 

565.  Teriodide  of  Nitrogen. — From  the  weak  affinity  that  exists  between 
iodine  and  nitrogen,  these  substances  cannot  be  made  to  unite  directly. 
But  when  iodine  is  put  into  a  solution  of  ammonia,  the  alkali  is  decom- 
posed ;  its  elements  unite  with  different  portions  of  iodine,  and  thus  cause 
the  formation  of  hydriodic  acid  and  teriodide  of  nitrogen.  The  latter  sub- 
■ides  in  the  form  of  a  dark  powder,  which  is  characterized,  like  quadro- 
chloride  of  nitrogen,  by  its  explosive  property.  It  oflen  detonates  spontane- 
ously as  soon  as  it  is  dry,  and  even  when  moist,  by  the  slightest  causes. 
Heat  and  light  are  emitted  during  the  explosion,  and  iodine  and  nitrogen 
•re  set  free,  the  former  of  which  may  be  seen  at  the  instant  in  tiie  form  of 
vapor. 

It  should  be  remarked  here  that  recently  some  have  doubted  whether 
this  substance  is  really  constituted  as  above  described  ;  but  we  are  not  now 
prepared  to  discuss  the  question. 

IODINE  WITH    SULPHUR,    PHOSPHORUS,    AND    CHLORINE. 

566.  Iodide  of  Sulphur  is  formed  by  melting  the  two  substances  together 
in  equivalent  proportions,  and  cooling.  It  is  obtained  by  this  means  aa  a. 
stoel-gray  crystaline  mass.    Its  equivalent  is  unknown. 
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567.  Protiodxde  of  Phosphorus  (eq.  142.0,  symbol  PI,)  is  formed  by  mix- 
ing logcther  1  purt  of  phosphorus  and  7  or  8  parts  of  iodine.  The  prepara- 
tion  requires  some  care ;  since  phosphorus  and  iodine  act  so  energetically 
on  each  other  by  mere  contact,  that  the  phosphorus  is  generally  inflamed, 
and  a  great  part  of  the  iodine  expelled  in  the  form  of  vapor.  This  incon- 
venience is  avoided  by  putting  tke  phosphorus  into  a  tube,  scaled  at  one  end 
and  about  twelve  inches  long,  displacing  the  air  by  a  current  of  dry  carbonic 
acid  gas,  then  gradually  adding  the  iodine,  and  promoting  the  action  to* 
wards  the  close  by  a  gentle  heat  The  materials  should  be  well  dried  with 
bibulous  paper,  and  the  iodide  preserved  in  a  well-stopped  dry  vesseL 

I'his  compound  is  decomposed  by  water,  with  the  elements  of  which  it 
gives  hydriudic  and  phosphorous  acids.  It  is  used  in  the  preparation  of 
hydriodic  acid  (564). 

The  se&^quiodide  and  periodide  of  phosphorus  may  be  prepared  in  pre- 
cisely the  same  manner  as  the  protiodide,  except  that  larger  proporticms  of 
iodine  are  to  be  used.  They  are  both  solid  at  ordinary  temperatures.  They 
are  decomposed  by  contact  with  water  in  the  same  manner  as  the  proti^ 
odide. 

Iodine  and  chlorine  form  three  compounds,  ICl,  ICl^,  and  ICl5,  aceord- 
ing  to  the  manner  of  preparation.    The  protochloride,  which  has  recently    i 
been  used  in  photography  (157),  is  prepared  by  passing  a  current  of  chlo- 
rine into  water  in  which  iodine  is  difiiised. 


SECTION  xn. 

BROMINE. 

Symbol  Br ;  Equivalent  78.4. 

5G8.  Bromine  was  discovered  in  1826,  by  Balard,  of  Montpe- 
lier.  The  name  originally  applied  to  it  was  muride,  but  the 
term  brome,  or  bromine j  from  i3^w|uoj,  signifying  a  strong  or  rank 
odor,  has  since  been  substituted. 

Bromine,  in  its  chemical  relations,  bears  a  close  analogy  to 
chlorine  and  iodine,  and  has  hitherto  been  always  found  in  na- 
ture associated  with  the  former,  and  sometimes  also  with  the 
latter.  It  exists  in  sea-water  in  the  form  of  bromide  of  sodium, 
or  magnesium.  Its  relative  quantity,  however,  is  very  minute;* 
and  even  the  uncrystalizable  residue,  called  bitiern,  left  after 
chloride  of  sodium  has  been  separated  from  sea- water  by  crys- 
talization,  contains  it  in  small  proportion.  It  seems  to  be  an 
essential  ingredient  of  the  saline  matter  of  the  ocean,  and  has 
been  detected  in  the  waters  of  various  mineral  springs,  in  dif- 
ferent countries,  and  in  the  ashes  of  some  sea-animals. 

The  usual  method  of  preparing  bromine  is  to  transmit  a  cur- 
rent of  chlorine  gas  through  bittern,  and  then  to  agitate  a  por- 

*  It  is  said  that  100  pounds  of  sea- water  yield  only  about  three  and  one- 
fourtb  grains  of  bromine. 
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tion  of  sulphuric  ether  with  the  liquid.  The  ether  dissolves 
the  whole  of  the  bromine,  from  which  it  receives  a  beautiful 
hyacinth  red  tint,  and  on  standing  it  rises  to  the  surface. 
When  the  ethereal  solution  is  agitated  with  caustic  potassa,  its 
color  entirely  disappears,  owing  to  the  formation  of  bromide 
of  potassium  and  bromate  of  potassa,  the  former  of  which  is 
obtained  in  cubic  crystals  by  evaporation.  The  bromine  may 
then  be  set  free  by  means  of  chlorine,  and  separated  by  heat 

At  common  temperatures  bromine  is  a  liquid,  the  color  of 
which  is  blackish-red,  when  viewed  in  mass  and  by  reflected 
light,  but  appears  hyacinth-red  when  a  thin  stratum  is  inter- 
posed between  the  light  and  the  observer.  Its  odor,  which 
somewhat  resembles  that  of  chlorine,  is  very  disagreeable. 
Its  specific  gravity  is  about  3.  Its  volatility  is  considerable ; 
for  at  cominon  temperatures  it  emits  red-colored  vapors,  which 
are  very  similar  in  appearance  to  those  of  nitrous  acid ;  and  at 
116.5®  it  enters  into  ebullition.  By  a  temperature  between 
zero  and  — 4°  it  is  congealed,  and  in  that  state  is  brittle. 

Bromine  is  a  non-conductor  of  electricity,  and  undergoes  no 
chemical  change  whatever  from  the  agency  of  the  impondera- 
bles. It  may  be  transmitted  through  a  red-hot  glass  tube,  and 
be  exposed  to  the  agency  of  galvanism,  without  evincing  the 
least  trace  of  decomposition.  It  is  therefore  considered  an  ele- 
mentary substance. 

Like  oxygen,  chlorine,  and  iodine,  it  is  a  negative  electric. 
It  is  soluble  in  water,  alcohol,  and  ether,  the  latter  being  its 
best  solvent.  Its  vapor  extinguishes  a  lighted  taper ;  but  before 
going  out,  it  burns  for  a  few  seconds  with  a  flame  which  is 
green  at  its  base  and  red  at  its  upper  part.  Some  inflammable 
substances  take  fire  by  contact  with  bromine,  in  the  same  man- 
ner as  when  introduced  into  an  atmosphere  of  chlorine.  It 
acts  with  energy  on  organic  matter,  such  as  wood  or  cork,  and 
corrodes  the  animal  texture ;  but  if  applied  to  the  skin  for.  a 
short  time  only,  it  communicates  a  yellow  stain  which  is  less 
intense  than  that  produced  by  iodine,  and  soon  disappears. 
To  animal  life  it  is  highly  destructive,  one  drop  of  it  placed  on 
the  beak  of  a  bird  having  proved  fatal. 

Bromine  has  been  by  some  used  in  photography  (157),  in 
connection  with  iodine. 

With  starch  it  gives  a  yellow  color,  which,  however,  is  not 
intense  if  the  solution  is  much  diluted. 

Bromine  combines  with  oxygen  and  hydrogen,  forming  acids 
exceedingly  analogous  to  the  compounds  formed  by  the  union 
of  chlorine  and  iodine  with  the  sanie  substances.  The  same 
indeed  might  be  said  of  the  compounds  it  forms  with  several 
others  of  the  elementary  substances,  described  in  the  preceding 
pages. 

19 
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SECTION  xin. 

FLUORINE. 

Symbol  F;  EquhaUnt  laCSL 

5C9.  This  substance,  though  long  known  to  exist,  has  not  till 
recently  been  obtained  in  an  instated  form ;  nor  indeed  is 
any  process  yet  l^nown  by  which  it  can  be  obtained  in  a  state 
of  perfect  purity.  The  difficulty  arises  from  the  strength  of  its 
affinities,  which  are  such  that  it  is  no  sooner  liberated  from  its 
combination  with  one  substance  than  it  enters  into  union  with 
another,  attacking  with  violence  the  materials  of  which  the 
apparatus  used  may  be  constructed. 

The  only  substances  on  which  fluorine  is  incapable  of  acting 
are  such  as  are  already  saturated  with  it;  vessels  for  preparing 
it  are  therefore  made  of  fluor  spar,  which  is  a  fluoride  of  caE 
cium.  The  best  method  is  to  fill  vessels  of  this  kind  with  chlo- 
rine, and  then  introduce  a  little  fluoride  of  mercury  ;  a  transfer 
of  elements  takes  place,  chloride  of  mercury  is  formed,  and 
fluorine  liberated  in  the  form  of  gas.  It  is  not,  however,  per- 
fectly pure,  but  is  mixed  with  chlorine.  As  thus  obtained,  it  is 
a  colorless  gas,  possessing  an  odor  somewhat  resembling  chlo- 
rine. Its  specific  gravity,  by  calculation,  is  1.^.  Like  oxygen 
and  chlorine,  it  belongs  to  the  class  of  negative  electrics. 

FLUORINE    AND    HYDROGEN. 

Fluorine  and  hydrogen  combine  to  form  the  following  com- 
pound, viz. : 

Fluorine,  Hydrt^en,    Equiv.    SymboL 

Hydrofluoric  acid 1  eq.  +  1  eq. 19.68. . .  .HF 

570.  Hydrofluoric  Acid, — ^This  acid  is  prepared  by  acting  on 
the  mineral  called  JliLor  spar,  which  is  a  fluoride  of  calcium, 
carefully  separated  from  siliceous  earth  and  reduced  to  fine 
powder,  with  twice  its  weight  of  concentrated  sulphuric  acid. 
The  mixture  is  made  in  a  leaden  retort;  and  on  applying  heat, 
an  acid  and  highly  corrosive  vapor  distils  over,  which  must  be 
collected  in  a  receiver  of  the  same  metal  surrounded  with  ice. 
As  the  materials  swell  up  considerably  during  the  process, 
owing  to  a  quantity  of  vapor  forcing  its  way  through  a  viscid 
mass,  the  retort  should  be  capacious.  At  the  close  of  the 
operation,  pure  hydrofluoric  acid  is  found  in  the  receiver,  and 
the  retort  contains  dry  sulphate  of  lime.  The  chemical  changes 
are  precisely  the  same  as  in  the  formation  of  hydrochloric 
acid  gas  (542),  fluorine  being  substituted  for  chlorine,  and 
calcium  for  sodium.  That  is,  SO^,  HO,  and  CaF,  give  CaO, 
SOo,  and  HF.    If  the  sulphuric  acid  is  of  sufficient  strength,  all 
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its  water  is  decomposed,  and  the  resulting  hydrofluoric  acid  is 
anhydrous. 

Hydrofluoric  acid,  at  the  temperature  of  32^,  is  a  colorless 
liquid,  and  remains  in  that  state  at  50°  if  preserved  in  well- 
stopped  bottles;  but  when  exposed  to  the  air,  it  flies  off"  in 
dense  white  fumes,  which  consist  of  the  acid  vapor  combined 
with  the  moisture  of  the  atmosphere.  Its  specific  gravity  is 
1.06;  but  its  density  may  be  increased  to  1.25  by  gradual  addi- 
tions of  water.  Its  affinity  for  this  liquid  far  exceeds  that  of 
the  strongest  sulphuric  acid,  and  the  combination  is  accom- 
panied with  a  hissing  noise,  as  when  red-hot  iron  is  quenched 
by  immersion  in  water. 

The  vapor  of  hydrofluoric  acid  is  much  more  pungent  than 
chlorine  or  any  of  the  irritating  gases.  Of  all  known  sub- 
stances, it  is  the  most  destructive  to  animal  matter.  When  a 
drop  of  the  concentrated  acid  of  the  size  of  a  pin's  head  comes 
in  contact  with  the  skin,  instantaneous  disorganization  ensues, 
and  deep  ulceration  of  a  malignant  character  is  produced.  On 
this  account  the  greatest  care  is  requisite  in  its  preparation. 

571.  This  acid,  when  concentrated,  acts  energetically  on 
glass.  Its  transparency  is  instantly  destroyed,  heat  is  evolved, 
and  the  acid  boils,  and  in  a  short  time  entirely  disappears.  A 
colorless  gas,  commonly  known  by  the  name  of Jluosilicfc  acid 
gas,  is  the  sole  product  This  compound  is  always  formed 
when  hydrofluoric  acid  comes  in  contact  with  a  siliceous  sub- 
stance. For  this  reason  it  cannot  be  preserved  in  glass ;  but 
must  be  prepared  and  kept  in  metallic  vessels.  Those  of  lead, 
from  their  cheapness,  are  often  used;  but  vessels  of  silver  or 
platinum  are  preferable.  In  consequence  of  its  powerful  affinity 
for  siliceous  matter,  hydrofluoric  acid  may  be  employed  for 
etching  on  glass ;  and  when  used  with  this  intention,  it  should 
be  diluted  with  three  or  four  times  its  weight  of  water. 

572.  Etching  upon  glass  by  the  liquid  is  accomplished  in  the  following 
manner :  The  plate  of  glass  is  first  covered  with  wax  of  uniform  thickness, 
and  then,  with  a  needle  or  graver,  the  design  is  traced  on  it,  taking  care  to 
cat  quite  through  to  the  surface  of  the  glass.  A  rim  of  wax  is  then  formed 
around  the  edge  of  the  plate,  and  the  liquid  poured  upon  it  and  allowed  to 
remain  a  sufficient  time  to  corrode  the  glass  considerably,  where  it  comes 
in  contact  with  it     It  is  then  poured  off,  and  the  wax  removed. 

Etching  may  be  done  equally  well  by  exposing  the  plate  properly  pre- 
pared as  above,  directly  to  the  action  of  the  hydrofluoric  acid  vapor  as  it  i.o 
formed  (580).  For  this  purpose  a  shallow  leaden  vessel  is  to  be  prepared, 
of  sufficient  size  just  to  receive  the  plate  at  the  top ;  and  the  powdered  fluor 
spar  and  sulphuric  acid  being  placed  at  the  bottom,  the  vapor,  as  it  rises  by 
the  application  of  heat,  attacks  the  glass,  by  separating  the  silica,  and  pro- 
ducing  fluosilicic  acid.  When  the  corrosion  is  sufficient,  the  plate  is 
removed  and  the  wax  cleared  off  as  before. 

573.  Hydrofluoric  acid  has  all  the  usual  characters  of  a  pow- 
crful  acid.    It  has  a  strong  sour  taste,  reddeivs  \\trav]kS^^^^t> 
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and  neutralizes  alkalies,  either  forming  salts  termed  hydrojh' 
ates^  or  most  generally  giving  rise  to  metallic  fluorides.  All 
these  compounds  are  decomposed  by  strong  sulphuric  acid 
with  the  aid  of  heat,  and  the  hydrofluoric  acid  whUe  escaping 
may  be  detected  by  its  action  on  glass. 

Tills  acid  acts  violently  on  some  of  the  metals,  especially  on 
the  bases  of  the  alkalies.  Thus,  when  potassium  is  brought  in 
contact  with  the  concentrated  acid,  an  explosion,  attended  with 
heat  and  light,  ensues;  hydrogen  gas  is  disengaged,  and  a 
white  compound,  fluoride  of  potassium,  is  generate.  It  is  a 
solvent  for  some  elementary  principles,  which  resist  the  action 
even  of  nitro-hydrochloric  acid.  Thus  it  dissolves  silicon,  zir- 
conium, and  columbium,  with  evolution  of  hydrogen  gas;  and 
when  mixed  with  nitric  acid,  it  proves  a  solvent  for  silicon 
which  has  been  condensed  by  heat  (523),  and  for  titanium.  Nitro- 
hvdrofluoric  acid,  however,  is  incapable  of  dissolving  gold  and 
platinum.  Several  oxydized  bodies,  which  are  not  attacked  by 
sulphuric,  nitric,  or  hydrochloric  acid,  are  readily  dissolved  by 
hydrofluoric  acid. 

FLUORINB    AND    BORON. 
The  only  compound  of  fluorine  and  boron  known  is  the  fbnbwingf,  yiz.: 

Flnmme,  Bormt,       Eqm9.      SymM, 
riuoboric  Acid $  eq.  +  1  ^. . .  .66.98 BF, 

574.  Fluobonc  Acid. — ^The  chieiT  difficulty  in  determining  the  nature  of 
Iivdrofluoric  acid  arises  from  the  watei'  of  the  sulphuric  acid  which  is  em- 
ployed in  its  preparation.  To  avoid  this  source  of  uncertainty,  Gay-Lussad 
and  Thenard  made  a  mixture  of  vitrified  boracic  acid  and  flnor  spar,  and 
exposed  it  in  a  leaden  retort  to  heat,  under  the  ej^etatioh  tfiat,  as  no  wate# 
was  present,  anhydrous  fluoric  acid  would  be  obtained.  In  this,  however, 
they  were  disappointed ;  but  a  Aew  fas  came  over,  to  which  they  applied 
the  term  ofjluohoric  acid  go$. 

In  the  decomposition  of  fluor  spar  by  vitrified  boracic  acid,  the  former 
and  part  of  the  latter  undergo  an  interchange  of  elements.  The  fluorine 
uniting  with  boron,  gives  rise  to  fluoboric  acid  gas  ;  and  by  the  union  of 
calcium  and  oxygen,  lime  is  generated,  which  combines  with  boracic  acid, 
and  is  left  in  the  retort  as  borate  of  lime.  Fluobertc  acid  gas,  therefore,  is 
composed  of  boron  and  fluorine. 

Fluoboric  acid  gas  is  colorless,  has  a  penetrating  pungent  odor,  and  ex- 
tinguishes  flame  on  the  instant.  Its  specific  gravity  is  2.36.  It  reddens 
litmus  paper  as  powerfully  as  sulphurie  acid,  and  forms  salts  with  alkalies, 
which  are  called  fluohorate».  It  has  a  singularly  great  affinity  for  water. 
"When  mixed  with  air  or  any  gas  which  contains  wafiery  vapor,  a  dens^^ 
white  cloud,  a  combination  of  water  and  fluoboric  acid  appears,  thus  aflbrd' 
ing  an  extremely  delicate  test  of  the  presence  of  moisture  in  gases.  Water 
acts  powerfully  on  this  gas,  absorbing  700  times  its  volume,  during  which 
the  water  increases  in  temperature  and  volume.  The  solution  is  limpid, 
fuming,  and  very  caustic.  On  the  appHcatic^  of  heat,  part  of  the  gas  is 
disengaged ;  but  afterwards  the  whole  tolution  is  distilled. 
.    F]uolx>ric  acid  gas  does  not  act  on  glAs^  but  attacks  animal  and  vegelabit 
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matter  with  energry,  conTerting  them  like  sulphuric  acid  into  a  carbonace- 
ous substance.  This  action  is  most  probably  owing  to  its  affinity  for  water.* 

When  potassium  is  heated  in  fluoboric  acid  gas,  the  metal  takes  fire,  and 
a  chocolate-colored  solid,  wholly  devoid  of  metallic  lustre,  is  formed.  This 
substance  is  a  mixture  of  boron  and  fluoride  of  potassium,  from  which  the 
latter  is  dissolved  by  water,  and  the  boron  is  led  in  a  solid  state. 

Hie  composition  of  this  acid  has  not  been  determined  by  direct  ezperi- 
mentf  but  there  are  satisfactory  reasons  for  believing  it  to  be  as  stated  in 
the  above  table. 

FLUORINE    AND    SILICON. 

There  is  but  one  compound  of  fluorine  and  silicon,  called  fluosilicic  acid, 
or  sometimes  terfluoride  of  silicon. 

Fluorine,  Silicon,      Equiv,      Symbol, 
Terfluoride  of  silicon 3  eq.  -f  1  eq 78.5 SiFg 

575.  Terfluoride  of  Silicon,  or  Fluosilicic  Acid. — ^This  substance  is  formed 
whenever  hydrofluoric  and  silicic  acids  come  in  contact.  The  most  conve- 
nieat  method  of  procuring  it  is  to  mix  in  a  retort  one  part  of  pulverized  fluor 
ipar  with  its  own  weight  of  sand  or  pounded  glass,  and  two  parts  of  strong 
solphuric  acid.  On  applying  a  gentle  heat,  fluosilicic  acid  gas  b  disen- 
gaged  with  effervescence,  and  may  be  collected  over  mercury. 

It  is  a  colorless  gas  which  extinguishes  flame,  destroys  animal  life,  and 
irritates  powerfully  the  respiratory  organs.  When  mixed  with  the  air,  it 
forms  a  white  cloud,  by  combining  with  watery  vapor.  Its  specific  gravity 
u3.61,  and  100  cubic  inches  weigh  111.95  grains. 

It  has  a  strong  affinity  for  water,  which  absorbs  it  rapidly,  but  causing 
its  decomposition  with  formation  of  hydrate  of  silica  at  the  same  time. 


CHAPTER  III. 
METALLIC    ELEMENTS. 


SECTION  L 
GENERAL   PIIOPERTIES. 

576.  Metals  are  distinguished  from  other  substances  by  the 
following  properties.  They  are  all  cond  uctors  of  electricity  and 
heat.  When  the  compounds  which  they  form  with  oxygen, 
chlorine,  iodine,  sulphur,  and  similar  substances,  are  submitted 
to  the  action  of  galvanism,  the  metals  always  appear  at  the 
negative  side  of  the  battery,  and  are  hence  said  to  be  positive 
electrics.  They  are  quite  opaque,  refusing  a  passage  to  light 
though  reduced  to  very  thin  leaves.  They  are  in  general  good 
reflectors  of  light,  and  possesfs  a  peculiar  lustre,  which  is  termed 
the  metallic  lustre.  Every  substance  in  which  these  characters 
reside  may  be  regarded  as  a  metal. 
J9* 


'  Known  to  the  Ancients. 
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S77,  The  number  of  metals,  the  existence  d  which  is  admittBd 
by  chemists,  amounts  to  forty-two.  The  following  table  coih 
tains  the  names  of  those  that  have  been  procured  in  a  state 
of  purity,  together  with  the  date  at  which  they  were  disco- 
vered, and  the  names  of  the  chemists  by  whom  the  discovery 
was  made. 

TABLE    OF  THE    DISCOVERY    OF    METALS. 

yames  o/MetaU,         Authors  of  tlu  Dioeovery.    Dat€9  of  the  DUanerf, 

Gold 

Silver 

Iron 

Copper 

Mercury 

Lead 

Tin 

Antimony Described  by  Basil  Valenfine 1499* 

Bismuth Described  by  Areola 1530. 

Zinc First  mentioned  by  Paracelsus. ....  16th  century. 

crau?::::::::iB™°* ^^^ 

Platinum Wood,  assay-master,  Jamaica 1741. 

Nickel Cronstedt 1751. 

Manganese Gahn  and  Scheele. 1774* 

Tungsten D^EIhuyart 1781. 

Tellurium Miiller 1782. 

Molybdenum  ....   Hiclm 1782 

Uranium Klaproth 1789. 

Titanium Gregor 1791. 

Chromium Vauquelin 1797. 

Columbium Hatchett 1802. 

S?"5^»""™ iWollaston 1803. 

ichodmm \ 

Iridium Decotils  and  Smithson  Tennant. 1803. 

Osmium Smithson  Tennant 1803. 

Cerium Hisinger  and  Berzelius. 1804. 

Potassium ^ 

Sodium 

Barium l-Davy 1807. 

Strontium  ......  | 

Calcium j 

Cadmium Stromeyer 181S. 

Lithium Arfwedson 1818. 

Zirconium Berzelius 1824. 

Aluminum i 

Glucinum JWohler 1828. 

Yttrium ^ 

Thorium Berzelius 1829. 

Magnesium Bnssy 1829. 

Vanadium Seftstrom 1830. 

Lanthanum Mosander 1839. 
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&7S.  Most  6f  the  metals  are  remarkable  for  their  great  spe- 
dfic  gravity ;  several  of  them  being  more  than  10  times  as 
heavy  as  an  equal  bulk  of  water ;  and  one  of  them,  platinum, 
which  is  the  densest  body  known,  about  21  times  as  heavy  as 
water.  Great  density  was  once  supposed  to  be  an  essential 
characteristic  of  metals ;  but  the  discovery  of  potassium  and 
sodium,  which  are  so  light  as  to  float  on  the  surface  of  water, 
has  shown  that  this  supposition  is  erroneous.  Some  metals 
experience  an  increase  of  density  to  a  certain  extent  when 
hammered,  their  particles  being  permanently  approximated  by 
the  operation.  On  this  accoifnt,  the  density  of  some  of  the 
metals  varies ;  but  the  numbers  in  the  following  table  express 
their  specific  gravities  before  they  are  hammered. 

Table  of  the  Specific  Gravity  of  Metals  at  60°,  compared  with 

Water  as  Unity. 


Cobalt 8.538 

Nickel 8iJ79 

Manganese 8.013 

Iron 7.788 

Tin 7.291 

Zinc 6.86 

Antimony 6.702 

Tellurium 6.14 

Arsenic 5.884 

Titanium 5.3 

Sodium 0.972 

Potassium 0.865 


Platinum 20.98 

Gold 19.257 

Tungsten 17.6 

Mercury 13.568 

Palladium 11.5 

Lead 11.352 

Silver 10.474 

Bismuth 9.822 

Uranium... 9.000 

Copper 8.9 

Cadmium 8.604 

Molybdenum 8.6 

579.  Some  metals  possess  the  property  oi  malleability,  that  is, 
admit  of  being  beaten  into  thin  plates  or  leaves  by  hammering. 
The  malleable  metals  are  gold,  silver,  copper,  tin,  platinum, 
palladium,  cadmium,  lead,  zinc,  iron,  nickel,  potassium^  sodium, 
and  frozen  mercury.  The  other  metals  are  either  malleable  in 
a  very  small  degree  only,  or,  like  antimony,  arsenic,  and  bis- 
muth, are  actually  brittle.  Gold  surpasses  all  metals  in  mal- 
leability;  one  grain  of  it  may  be  extended  so  as  to  cover  about 
52  square  inches  of  surface,  and  to  have  a  thickness  not  exceed- 
"^gW^TTfOfaninch. 

Nearly  all  malleable  metals  may  be  drawn  out  into  wires,  a 
property  which  is  expressed  by  the  term  ductility.    The  only 
toetals  which  are  remarkable  in  this  respect  are  gold,  silver, 
platinum,  iron,  and  copper.    Wollaston  devised  a  method  by 
which  gold  wire  may  be  obtained  so  fine  that  its  diameter 
should  be  only  j^Vtt  ^^  ^i^^  inch,  and  that  550  feet  of  it  are  re- 
quired to  weigh  one  grain.    He  obtained  a  platinum  wire  so 
small,  that  its  diameter  did  not  exceed  Tp^Vo-  of  an  inch.    It  is 
singular  that  the  ductility  and  malleability  of  the  same  metal 
are  not  always  in  proportion  to  each  other.    Iron,  for  example, 
cannot  be  made  into  fine  leaves,  but  it  may  be  drawn  in*'^  ^^^''v 
small  wires. 
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Both  the  malleability  and  ductility  of  several  of  the  metals 
vary  with  the  temperature.  Thus  iron,  though  partially  mal- 
leable and  ductile  at  the  ordinary  temperature  of  the  atmo- 
sphere, is  much  more  so  at  a  red  heat ;  and  zinc  is  very  mal- 
leable from  212^  to  350^,  but  loses  this  property  if  cooled  down 
to  32^,  or  heated  to  600^.  At  the  latter  temperature,  it  is  deci- 
dedly brittle. 

The  tenacity  of  metals  is  measured  by  ascertaining  the 
greatest  weight  which  a  wire  of  a  certain  thickness  can  sup- 
port wiihout  breaking.  According  to  the  experiments  of  Guy- 
ton-Morveau,  whose  results  ^re  comprised  in  the  following 
table,  iron,  in  point  of  tenacity,  surpasses  all  other  metals. 

The  diameter  of  each  wire  was  0.787  of  a  line. 

Pounds,  Pounds. 

Iron  wire  supports  . . .  .549.25  Grold 150.753 

Copper 302  278  Zinc 109.54 

Platinum 274.32  Tin 34.63 

Silver 187.137  Lead 27.621 

580.  The  metals  differ  much  in  hardness  also,  but  we  are  not 
able  to  compare  them  with  reference  to  this  property  with 
mathematical  precision.  In  the  list  of  hard  metals  may  be 
placed  titanium,  manganese,  iron,  nickel,  copper,  zinc,  and 
palladium.  Gold,  silver,  and  platinum  are  softer  than  these; 
lead  is  softer  still,  and  potassium  and  sodium  yield  to  the  pres- 
sure of  the  fingers.  The  properties  of  elasticity  and  sonorous- 
ness are  allied  to  that  of  hardness.  Iron  and  copper  are  in 
these  respects  the  most  conspicuous. 

When  a  metal  has  been  hammered  or  drawn  out  into  wire, 
its  hardness  as  well  as  density  is  increased ;  and  it  becomes 
jess  malleable.  This  property,  however,  is  restored  by  anneal- 
ing it,  which  consists  in  heating  it  to  redness  and  then  cooling 
it  slowly.  But  the  tenacity  is  often  very  much  diminished  by 
the  process,  sometimes  even  more  than  one-half  This  is  sup- 
posed to  be  occasioned  by  a  kind  of  partial  crystalization  that 
takes  place. 

581.  Many  of  the  metals  have  a  distinctly  crystaline  texture 
Iron,  for  example,  is  fibrous ;  and  zinc,  bismuth,  and  antimony 
are  lamellated.  Metals  are  sometimes  obtained  also  in  crys- 
tals ;  and  most  of  them,  in  crystalizing,  assume  the  figure  of 
the  cube,  the  regular  octohedron,  or  some  form  allied  to  it 
Gold,  silver,  and  copper  occur  naturally  in  crystals,  while 
others  crystalize  when  they  pass  gradually  from  the  liquid  to 
the  solid  condition.  Crystals  are  most  readily  procured  from 
those  metals  which  fuse  at  a  low  temperature ;  and  bismuth, 
from  conducting  heat  less  perfectly  than  other  metals,  and, 
therefore,  cooling  more  slowly,  is  best  fitted  for  the  purpose. 

The  point  of  fusion  in  the  different  metals  varies  exceedingly. 
Mercury  fuses  at  — 39®,  potassium  at  136*^,  tin  at  442°,  zinc  at 
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773®,  gold  at  2016°,  while  platinnm  and  some  others  require  the 
intense  heat  of  thecomponnd  blowpipe. 

Some  of  them,  as  arsenic,  cadmium,  mercury,  zinc,  &c.,  are 
volatilized  by  heat  without  difficulty,  but  others  are  fixed  in 
the  most  intense  heat  that  can  be  produced. 

The  metals  are  universally  considered  as  elementary  bodies. 

They  have  an  extensive  range  of  affinity,  and  on  this  ac- 
count few  of  them  are  found  in  the  earth  native,  that  is,  in  an 
uncombined  form.  They  commonly  occur  in  combination  with 
other  bodies,  especially  with  oxygen  and  sulphur,  in  which 
state  they  are  said  to  be  mineraMzed.  It  is  a  singular  fact  in 
the  chemical  history  of  the  metals,  that  they  are  little  disposed 
to  combine  in  the  metallic  state  with  compound  bodies,  such 
as  an  oxide  or  an  acid.  They  unite  residi ly,  on  the  contrary, 
with  elementary  substances. 

They  often  combine  with  each  other,  forming  compounds 
ealled  alloys,  which  will  be  described  in  their  proper  places. 
They  possess  all  the  characteristic  physical  properties  of  the 
pure  metals,  and  many  of  them  are  of  great  service  in  the  arts. 
Generally,  alloys  are  more  fusible  and  more  oxydable  than 
their  constituents  separately.  Their  malleability  and  ductility 
usually  are  much  less,  and  their  hardness  greater,  than  those 
of  the  metals  of  which  they  are  composed. 

Compounds  of  mercury  with  other  metals  are  called  amaU 
gams. 

Metals  are  of  a  combustible  nature ;  that  is,  they  are  not 
only  susceptible  of  slow  oxydation,  but,  under  favorable  cii*- 
cumstances,  they  unite  rapidly  with  oxygen,  giving  rise  to  all 
the  phenomena  of  real  combustion.  Zinc  burns  with  a  bril- 
liant flame  when  heated  to  full  redness  in  the  open  air ;  iron 
emits  vivid  scintillations  on  being  inflamed  in  an  atmosphere 
of  oxygen  gas;  and  the  least  oxydable  metals,  such  as  irolil 
and  platinum,  scintillate  in  a  similar  manner  when  heated  by 
the  oxy-hydrogen  blowfripe. 

582.  The  product  either  of  the  slow  or  rapid  oxydation  of  a 
metal,  when  heated  in  the  air,  has  an  earthy  aspect,  and  was 
called  a  calx  by  the  older  chemists,  the  process  of  forming  it 
being  expressed  by  the  term  calcination.  Another  method  of 
oxydizing  metals  is  by  deflagration;  that  is,  by  mixing  them 
with  nitrate  or  chlorate  of  potassa,  and  projecting  the  mixture 
into  a  red-hot  crucible.  Most  metals  may  be  oxydized  by 
digestion  in  nitric  acid ;  and  nitro-hydrochloric  acid  is  an  oxy- 
dizing agent  of  still  greater  power. 

583.  Metals  differ  remarkably  in  their  relative  forces  of  at- 
traction for  oxygen.  Potassium  and  sodium,  for  example,  are 
oxydized  by  mere  exposure  to  the  air ;  and  they  decompose 
water,  at  all  temperatures,  the  instant  they  come  in  contact 
with  it.  Iron  and  copper  may  be  preserved  in  dry  air  without 
change,  nor  can  they  decompose  water  at  common  lem^x^- 
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tures;  but  they  are  both  slowly  oxydized  by  exposure  to  a 
moist  atmosphere,  and  combine  rapidly  with  oxygen  when 
heated  to  redness  in  the  open  air. 

Mercury  is  Jess  inclined  thaji  either  of  these  to  combine 
with  oxygen,  and  gold  will  bear  the  most  intense  heat  of  our 
furnaces  without  oxydation. 

Some  of  the  metals  unite  with  oxygen  in  one  proportion 
only,  but  most  of  them  have  two  or  three  degrees  of  oxyda- 
tion. The  resulting  compounds  are  either  oxides  or  acids. 
With  the  exception  of  arsenic,  the  metals  all  produce  oxides 
by  combination  with  oxygen ;  and  many  of  them  which  pro- 
duce oxides  by  combining  with  one  proportion  of  oxygen, 
form  acids  when  united  with  two  or  more  proportions.  This 
occurs  in  the  case  of  chromium,  tungsten,  molybdenum,  vana- 
dium, and  several  others. 

The  metallic  oxides  sometimes  combine  with  each  other, 
and  form  definite  compounds.  The  most  abundant  ore  of 
chromium,  usually  called  chromate  of  iron,  is  an  instance  of 
this  kind. 

The  metals  are  separated  from  the  substances  with  which 
they  are  found  naturally  combined,  by  a  variety  of  processes, 
which  constitute  the  branch  of  chemistry  denominated  metal' 
lurgy. 

584.  Metallic  oxides  suffer  reduction^  or  may  be  reduced  to 
the  metallic  state  in  several  ways: 

1.  By  mere  heat.  By  this  method  the  oxides  of  gold,  silver, 
mercury,  and  platinum  may  be  decomposed. 

2.  By  the  united  agency  of  heat  and  combustible  matter. 
Thus,  by  transmitting  a  current  of  hydrogen  gas  over  the 
oxides  of  copper  or  iron  heated  to  redness  in  a  tube  of  porce- 
lain, water  is  generated,  and  the  metals  are  obtained  in  a  pure 
form.  Carbonaceous  matters  are  likewise  used  for  the  purpose 
with  great  success.  Potassa  and  soda,  for  example,  may  be 
decomposed  by  exposing  them  to  a  white  heat,  after  being  inti- 
mately mixed  with  charcoal  in  fine  powder.  A  similar  process 
is  employed  in  metallurgy  for  extracting  metals  from  their 
ores,  the  inflammable  materials  being  wood,  charcoal,  coke,  or 
coal.  In  the  more  delicate  operation  of  the  laboratory,  charcoal 
and  black  flux*  are  employed. 

3.  By  the  galvanic  battery.  This  is  a  still  more  powerfiil 
agent  than  the  preceding ;  since  some  oxides,  such  as  baryta 
and  strontia,  which  resist  the  united  influences  of  heat  and 
charcoal,  are  reduced  by  the  agency  of  galvanism. 

4.  By  the  action  of  deoxydizing  agents  on  metallic  solu- 
tions. Phosphorous  acid,  for  example,  when  added  to  a  liquid 
containing  oxide  of  mercury,  deprives  the  oxide  of  its  oxygen, 


*  Black  flux  is  prepared  bv  deflagratinff  nitre  with  twice  its  weight  of  cream 
oS  tartar.     When  equal  weights  are  used,  it  constitutes  white  flux. 
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metallic  mercury  subsides,  and  phosphoric  acid  is  generated. 
In  like  manner  one  metal  may  be  precipitated  by  another,  pro- 
vided the  affinity  of  the  latter  for  oxygen  exceeds  that  of  the 
former.  Thus,  when  mercury  is  added  to  a  solution  of  nitrate 
of  the  oxide  of  silver,  metallic  silver  is  thrown  down,  and  oxide 
of  mercury  is  dissolved  by  the  nitric  acid.  On  placing  metallic 
copper  in  the  liquid,  pure  mercury  subsides,  and  a  nitrate  of 
the  oxide  of  copper  is  formed;  and  from  this  solution  metallic 
copper  may  be  precipitated  by  means  of  iron. 

585.  Several  of  the  metals,  by  combining  with  oxygen,  form 
both  oxides  and  acids,  as  chromium,  tungsten,  and  molybde- 
num ;  but  the  most  form  only  oxides.  One  of  them,  arsenic, 
onited  with  oxygen,  forms  only  acids.  In  those  instances  in 
which  metals  form  with  oxygen  both  oxides  and  acids,  the  latter 
always  contain  the  most  oxygen. 

Many  of  the  metallic  oxides  have  the  property  of  combining 
with  acids.    In  some  instances  all  the  oxides  of  a  metal  are 
capable  of  forming  salts  with  acids,  as  is  exemplified  by  the 
oxides  of  iron ;  but,  generally,  the  protoxide  is  the  sole  alka- 
line or  salifiable  base.    Most  of  the  metallic  oxides  are  insolu- 
ble m  water ;  but  all  those  that  are  soluble  have  the  property 
(tf  giving  a  brown  stain  to  yellow  turmeric  paper,  and  of 
restoring  the  blue  color  of  reddened  litmus. 
SBd.  Chlorine  has  a  powerful  affinity  for  metallic  substances. 
'■  It  combines  readily  with  most  metals  at  common  temperatures, 
and  the  action  is  in  many  instances  so  violent  as  to  be  accom- 
panied with  the  evolution  of  light.    For  example,  when  pow- 
t  dered  zinc,  arsenic,  or  antimony,  is  thrown  into  a  jar  of  chlo- 
I  line  gas,  the  metal  is  instantly  inflamed.     The  attraction  of 
.  chlorine  for  metals  even  surpasses  that  of  oxygen.     Thus, 
'   when  chlorine  is  brought  into  contact  at  a  red  heat  with  pure 
lime,  magnesia,  baryta,  strontia,  potassa,  or  soda,  oxygen  is 
*  emitted,  and  a  chloride  of  the  metal  is  generated,  the  elements 
-  of  which  are  so  strongly  united  that  no  temperature  hitherto 
tried  can  separate  them.    All  other  metallic  oxides  are,  with 
few  exceptions,  acted  on  in  the  same  manner  by  chlorine,  and 
in  some  cases  the  change  takes  place  below  the  temperature 
of  ignition. 

Most  of  the  metallic  chlorides  are  solid  at  common  tempera- 
tures.    They  are  fusible  by  heat,  assume  a  crystaline  texture 
k  in  cooling,  and  under  favorable  circumstances,  crystalize  with 
,  regularity.     Several  of  them,  such  as  the  chlorides  of  tin,  arse- 
■  nic,  antimony,  and  mercury,  are  volatile,  and  may  be  sublimed 
without  change.    They  are  for  the  most  part  colorless,  do  not 
possess  the  metallic  lustre,  and  have  the  aspect  of  a  salt.     Two 
of  the  chlorides  are  insoluble  in  water,  namely,  chloride  of 

(silver  and  protochloride  of  mercury ;  several,  such  as  the  chlo- 
rides of  antimony,  arsenic,  and  titanium,  are  decomposed  by 
that  liquid ;  but  most  of  them  are  more  or  less  soluble. 
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Some  of  the  metallic  chlorides  are  decomposable  by  heati 
especiaUy  those  of  gold  and  platinum.    Most  of  them  are  d^- 
composed  by  concentrated  sulphuric  acid,  or  by  hydrogen  at ' 
a  red  heat. 

Metallic  chlorides  may  in  most  cases  be  formed  by  the  direc) 
action  of  chlorine  on  the  pure  metals,  or  by  dissolving  them  or 
their  oxides  in  hydrochloric  acid,  and  evaporating  to  drjmes^ 
All  chlorides,  when  in  solution,  may  be  recognized  by  yid4.. 
ing,  with  nitrate  of  silver,  a  white  precipitate,  which  is  chloride 
of  silver.    It  shortly  turns  black  by  exposure  to  light. 

587.  When  a  metallic  chloride  is  dissolved  in  water,  two  di^ 
ferent  views  may  be  taken  of  the  changes  that  occur.    FinlL. 
the  chloride  may  be  dissolved  as  such  in  the  water,  and  a  r^'; 
solution  of  the  chloride  in  water  be  formed.    When  the  water' 
is  evaporated,  the  chloride  will  again  be  deposited,  in  somp 
cases  in  a  crystaline  form. 

Secondly,  the  chloride,  on  coming  in  contact  with  the  water, 
may  be  decomposed  at  the  same  time  with  a  portion  of  thi( 
water ;  the  chlorine  of  the  chloride  mixinc  with  the  hydrogev, 
of  the  water  to  form  hydrochloric  acid,  tne  metallic  base  of 
the  chloride  being  at  the  same  time  oxydized  by  the  oxygei. 
of  the  water.  The  solution  then  will  be  a  solution  of  the  hy&K 
chlorate  of  the  base  of  the  chloride,  instead  of  the  chloride  ita» 
elf  The  chloride  of  potassium  on  this  theory,  therefore,  om. 
being  dissolved  in  water,  is  converted  into  hydrochlorate  of 
potassa ;  and  when  evaporated  to  dryness,  the  elements  exist- 
ing in  the  salt  reunite  as  they  were  before  solution  was 
attempted,  and  crystals  of  chloride  of  potassium  are  deposited* 

Of  those  compounds  which,  on  crystalizing,  retain  water  OT 
its  elements  in  combination,  two  opinions  may  be  formed* 
Thus,  crystalized  hydrochlorate  of  baryta,  which  consists  of 
one  equivalent  of  chlorine,  one  of  barium,  two  of  oxygen,  ani 
two  of  hydrogen,  may  be  regarded  as  a  compound  either  of 
hydrochlorate  of  baryta,  with  one  equivalent  of  water  of  crya- 
talization,  or  of  chloride  of  barium,  with  two  equivalents  rf* 
water.  When  exposed  to  heat,  two  equivalents  of  water  ar^ 
expelled,  and  chloride  of  barium  is  left. 

The  probability  is  that  in  some  cases  metallic  chlorides  are 
dissolved  as  such  in  water,  according  to  the  first  of  the  abov9 
hypotheses,  and  that  in  other  cases  they  are  converted  at  the 
moment  of  solution  into  hydrochlorates,  as  explained  by  the 
second.  It  is  usual,  however,  to  speak  of  them  all  as  beinjBf 
dissolved  as  such  in  water,  to  avoid  the  recurrence  of  two-fol3 
explanations. 

The  remarks  made  in  this  place  concerning  the  metallic  chlo- 
rides, will  apply  in  the  same  manner  to  the  iodides,  bromides, 
and  fluorides. 

588.  Iodine  has  a  strong  attraction  for  metals ;  and  most  of 
the  compounds  which  it  forms  with  them  sustain  a  red  heat  ia 


olose  vessels  without  decomposition.  But  in  the  degree  of  it 
affinity  for  metallic  substances  it  is  inferior  to  chlorin 
oiygeii.  If  the  vapor  of  iodine  [s  brought  ill  contaut  with  po-~l 
tassa,  soda,  protoKide  of  lead,  or  oxide  of  bismuth,  heated  to 
redness,  oxygen  gas  is  evolved,  and  the  metals  of  itiese  oxides 
will  unite  with  iodine.  Bat  iodine,  so  far  as  is  known,  cannot 
separate  osygen  from  any  other  metal ;  nay,  all  the  iodides, 
except  those  just  mentioned,  are  decomposed  by  exposure  to 
osygen  ^aa  at  the  temperature  of  ignition.  All  the  iodides  are 
decomposed  by  chlorine,  bromine,  and  concentrated  sulphuric 
and  niti'ic  acids;  and  the  iodine  which  Is  set  free  may  be  recog- 
nized either  by  the  color  of  its  vapor,  or  by  its  action  on  starch  , 
(661).  The  metallic  iodides  are  generated  under  circuir 
analogous  to  those  above  mentioned  (5S6)  for  procuring  thafl 
chlorides. 

The  action  of  iodine  on  metallic  oxides,  when  dissolved  o 
suspended  in  water,  is  precisely  analogous  to  that  of  chlorinu 
On  adding  iodine  to  a  solution  of  the  pure  alkalies  or  alkalin?* 
earths,  an  iodide  and  iodate  are  generated  (540). 

Bromine,  in  its  affinity  for  metaliic  substances,  is  inferme*  B 
diate  between  ehlorine  and  iodine;  for  while  chlorine  disen-^ 
gages  bromine  from  its  combination  with  metals,  metalliQ 
fodidea  are  decomposed  by  bromine. 

5SS.  As  fluorine  has  but  recently  been  obtained  ij 
lated  form,  and  then  only  In  mixture  with  chlorine,  the  nature 
of  its  action  on  the  metals  is  not  well  known;  but  the  chief  dit 
ficulty  of  procuring  it  in  a  separate  state  (569)  appears  to  arise 
fi-om  its  extremely  powerful  affinity  for  metallic  substances,  in 
consequence  ol  which,  at  the  moment  of  becoming  free,  it.r^ 
attacks  the  vessels  and  instruments  employed  in  lis  prepai 
Hod.  The  fluorides  are,  without  exception,  decomposed  I 
concentrated  sulphuric  agid,  with  the  aid  of  heat. 

590.  Sulphur,  like  the  preceding  elementary  substances,  haf 
a  strong  tendency  to  unite  with  metals,  and  the  combiuatioE^ 
may  be  effected  in  several  ways : 

1.  By  heating  the  metal  directly  with  sulphur.    The  mptalt^l 
in  the  form  of  powder  or  filings,  is  mixed  with  a  due  propor-  * 
tlon  of  sulphur,  and  the  mixture  heated  in  an  earthen  crucible, 
which  is  covered,  to  prevent  the  access  of  air;  or  if  the  metal 
can  sustain  a  red  heat  without  fiising,  the  vapor  of  sulphur 
tnay  be  passed  over  it  while  heated  to  redness  in  a  tube  of 
porcelain.     Sometimes  it  is  sufficient  to  hold  the  substance  ii__~ 
a  jet  of  vapor  of  sulphur,  which,  of  course,  must  be  highly 
heated.     A  real  combustion,  in  perfect  accordance  with  the  di 
tj^ttion  of  this  term,  given  above  (133  and  373),  takes  place,  1 

■■  '  the  vapor  of  sulphur  serves  as  the  supporter. 

Jy  igniting  a  mixture  of  a  metallic  oxide  and  sulphur, 

^-  depriving  the  sulphate  of  an  oside,  of  its  oxygen,  byj 
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• 

means  of  heat  and  combustible  matter.    Charcoal  or  hydrogen 
gas  may  be  employed  for  the  purpose. 

4.  By  the  action  of  hydrosulphuric  acid,  or  a  soluble  sot 
phuret  upon  the  metallic  salts. 

The  sulphurets  are  opaque,  brittle  solids,  many  of  which, 
such  as  the  sulphurets  of  lead,  antimony,  and  iron,  have  a  me- 
tallic lustre.  They  are  all  fusible  by  heat,  and  commonly  as* 
sume  a  crystaline  texture  in  coolins.  Most  of  them  are  fixed 
In  the  tire;  but  the  sulphurets  of  mercury  and  arsenic  are 
remarkable  for  their  volatility.  All  the  sulphurets,  excepting 
those  of  the  first  class  of  metals,  are  insoluble  in  water. 

Most  of  the  protosulphurets  support  an  intense  heat  without 
decomposition ;  but,  in  general,  those  which  contain  more  than 
one  equivalent  of  sulphur,  lose  part  of  it  when  stron<grly  heated. 
They  are  all  decomposed,  without  exception,  by  exposure  to 
the  combined  agency  of  air  or  oxygen  gas  and  heat ;  and  the 
products  depend  entirely  on  the  degree  of  heat  and  the  nature 
of  the  metal.  Sometimes  the  sulphuret  is  more  or  less  coa- 
verted  into  the  sulphate  of  an  oxide,  and  at  others  the  sulphur 
is  evolved  under  the  form  of  sulphurous  acid,  and  a  metallk 
oxide,  or  even  the  pure  metal,  remains. 

591.  An  opinion  formerly  preTailed  that  many  of  the  metallic  snlphureti 
are  compounds  of  sulphur  and  a  metallic  oxide.  For  instance,  sulphuret 
of  potassa  and  sulphuret  of  soda,  as  they  were  called,  were  supposed  to  be, 
ai  the  names  indicate,  compounds  of  sulphur  with  these  alkalies.  But  it 
has  been  shown  by  Berzelius  and  others,  that  the  sulphur,  instead  of  com- 
bining with  the  alkali,  unites  with  its  metallic  baise.  The  compoondv 
mentioned  above,  therefore,  are  to  be  considered  as  sulphuret  of  potassium, 
and  sulphuret  of  sodium.  By  the  action  of  sulphur  upon  a  metallic  oxide^ 
in  those  cases  when  combination  takes  place,  a  part  of  the  oxide  is  decom- 
posed, the  oxyi^en  of  which  combines  with  a  portion  of  the  sulphur,  fotm'ihg 
■ulphuric  acid,  the  metal  itself  immediately  combining  with  another  por- 
tion of  the  sulphur  to  form  a  metallic  sulphuret  The  sulplmric  acid  pro- 
duced  in  this  manner  unites  immediately  with  a  part  of  the  oxide,  so  that 
the  result  will  be  a  mixture  of  sulphuret  of  the  metal  itself,  and  sulphate  of 
its  oxide. 

So  also  when  carbon  or  a  current  of  hydrogen  is  brought  in  contact  with 
a  metallic  sulphate  intensely  heated,  the  sulphuric  acid  and  the  metallic 
oxide  aro  both  deuxydized,  and  a  metallic  sulphuret  obtained.  It  is  there- 
fore rendered  very  certain  that  no  definite  compound  of  sulphur  and  a 
metallic  oxide  exists. 

Many  of  the  metallic  sulphurets  in  some  respects  much  resemble  the 
oxides.  Some  of  them  are  acids  and  others  bases,  which  unite  to  form  an 
important  class  of  salts,  called  mlphur  Balts^  as  will  hereafter  be  shown. 

Several  of  the  metallic  sulphurets  occur  abundantly  in  nature.  Those 
that  are  most  frequently  met  with  are  the  sulphurets  of  lead,  antimony, 
copper,  iron,  zinc,  molybdenum,  and  silver. 

599.  The  metallic  seloniurets  have  so  close  a  resemblance  in  their  chemi- 
oal  relations  to  the  sulphurets,  that  it  is  unnecessary  to  give  a  separate  de- 
■cription  of  them.    They  may  be  prepared  either  by  bringing  selenium  in 
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cnnlact  with  the  metali  at  ■  high  temperaluro,  or  bj  the  ■( 

Chemistii  are  scqunintcd  with  several  inelullic  phosphnreti ;  and  il  is  pnb  J 

bafalcthBt  pbiKiphoruF,  like  lulphur,  is  capable  of  uniline  vitfa  all  the  mefola,  1 

bol  Lhe  ■abject  hat  received  compa  rail  Tel;  lillle  aLtenlion.  f 

TIiB  meUllIc  phoBphurets  ma;  be  prepared  ia  several  waj's ;  as  bj  bring,  i 

ioff  phosphorun  m  coDlact  witb  the  metoLs  at  a  bigh  temperatarei  bj  ig.  | 

phfvphurctted  bydragea  ^s  over  jaetallic  oiidea  boated  to  redness  in  i 

Pliosphorfu  is  said  lo  unite  wilb  metallic  oxides.  For  eiimple,  phos 
phuret  or  iimc  ia  satil  to  be  tbrmed  by  condoelirg  tba  vapor  of  phosphor ui 
over  that  uarlh  at  a  tuw  red  beat;  but  it  is  probable  (bal  in  this  instance,  ai 
with  ■  mixture  of  sulphur  and  an  alkali,  part  of  (he  metsllic  aiida  is  diy 
oomposed,  sud  that  the  product  conlnins  phospliuret  of  cajcium  and  phnc 
^■ta  of  lime.  , 

The  only  metallic  carburets  of  iinjiorlance  are  those  of  iron,  which  will 
be  described  in  the  section  ou  that  metal. 

Some  of  the  metuls,  as  tellurium,  arsenic,  and  anlimonj,  combine  with 
hydrogen  and  form  gaseous  compounds,  which  in  their  constitution  and 

Cperties  closely  resemble  the  sulphurets  (496)  and  pbosphuret*  [515)  of 
[rogen.     In  these  compounds  the   hjdio^n  is  the  electro-positive  i '~ 
ment,  the  melal  playing  the  part  ofthe  sulphm  or  phosphorus. 

DSmber  of  Iha  metals,  especially  by  associating-  with  them  a  class  of  hoc 
which  was  formerly  believed  to  bo  of  a  nature  entirely  different.  The  me.  ' 
Uliio  bases  of  the  alkalies  and  earths,  previous  to  tbe  year  1B07,  were  all 
gather  unknown;  and  before  that  date,  the  lisl  of  metsl*.  with  few  eicep- 
liuna,  included  those  only  wbiah  are  commnnly  employed  in  the  arts,  and 
which  are  hence  often  called  the  comman  oietali.  In  conaei]aence  of  Ihii 
inorease  in  number,  it  is  found  convenient,  for  the  purpose  of  description,  to 
arrange  them  in  separata  groups;  and  they  are  therefore  divided  ir'-  " — 
elaSBBS,  and  each  class  into  three  orders. 

ClabsL  Metals  whicli,byoxydation,yiel(la!k[il1esand  earths.  I 

Class  II.  Metals,  the  oxides  of  which  are  not  alkalies  or  | 
earths. 

Clash  1.  This  class  includes  twelve  metals,  which  may  prt>-  J 
perly  be  arratiged  in  three  orders. 

Order  1.  Metallic  bases  of  the  alkalies.  They  are  three  I 
number:  namely, 

Potassium,  Sodium,  Lithium, 

These  metals  have  such  a  powerful  attraction  for  oxygen,  i 
that  they  decompose  cold  water,  and  even  ice  at  the  moment  ^ 
of  contact,  and  are  oxydized  with  disengagement  of  hydrogen 
gas.  The  resulting  osides  are  distinguished  by  their  causti- 
city and  solubility  in  water,  and  by  possessing  alkaline  proper- 
ties in  an  eminent  degree.  They  are  called  alkalite,  and  their 
metallic  bases  are  sometimes  termed  atkalitiK  or  ulkaligenou* 
metals. 

Order  2.  Metallic  bases  of  the  alkaline  earths. 
four  in  number ;  namely, 


I 

I 
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Barium,         Stronlium,         Calelnin,        Klagnesiaii), 

These  metals,  excepting  magnesium,  also  decompose  wa 
rapUlly  at  common  temperatures.  The  rpsulUng  oxides  a: 
called  alkaline  earths;  because,  while  in  their  appearan 
they  reaemble  the  earths,  they  are  similar  to  the  alkalies,  H 
having  a  strong  alkaline  reaction  with  test  paper,  and  in  net 
IraTizing  acids.  Thellireefirst  are  stronglycauslic.and  baryt 
and  Gironlia  are  soluble  in  water  to  a  considerable  extent 

■Order  3.  Metallic  bases  of  the  earths.    These 
number;  namely. 
Aluminum,     Yttrium,    Zirconium,    Glucinum,    Thoriiuoitf 

The  oxides  of  these  metals  are  well  known  as  the  pure  ei 
They  are  white  and  of  an  earthy  appearance,  in  their  ordini 
Btate  arc  quite  insoluble  in  water,  and  do  not  aSect  the  c 
of  turmeric  or  litmus  paper.    As  salifiable  bases  they  a 
rior  to  the  alkaline  earths. 

CtASH  IL  The  number  of  the  melais  included  in  this  c 
amounts  to  Ihirty.   The  protoxides  of  most  of  them,  and  soa[ 
times  the  sesqui  and  binoxides,  act  as  salifiable  bases  in 
with  acids,  and  forming  salts ;  but  in  this  respect  they  ai 
inferior  to  the  alkalies  and  alkaline  earths,  by  which  they  n 
be  separated  from  their  combinations.    Several  of  these  a  ' 
are  capable  of  forming  with  oxygen  compounds,  which  po 
the  character  of  acids.    The  metals  in  which  this  property  u 
been  noticed  are  manganese,  arsenic,  chromium,  vanadiu^ 
molybdenum,  tungsten,  columbiom,  antimony,  titanium,  tellu-    ' 
rium,  gold,  oBmium,  and  tin. 

The  metals  belonging  to  the  second  class  may  be  ci 
ently  arranged  in  the  three  following  orders : — 

Order  1.  Metals  which  decompose  water  at  a  red  heat.  Tha 
are  seven  in  number;  namely, 

Manganese,  Cadmium,  Cobalt,  Iron, 

Tin,  Nickel,  Zinc. 

Order  2.  Metals  which  do  not  decompose  water  at  any  tem- 
perature, and  the  oxides  of  which  are  not  reduced  to  the  me- 
tallic state  by  the  sole  action  of  heat.  Of  these  there  are  fif- 
teen; namely, 


Arsenic, 

Columbium, 

Bismuth, 

Chromium, 

Antimony, 

Titanium, 

Vanadium, 

Uranium, 

Tellurium, 

Molybdenum, 

Cerium, 

Copper, 

Tungsten, 

Lanthanum, 

Lead. 

Wder  3.  Melais,  the  oxides  of  which  a 

re  decomposed 

heat.     These  are, 

Mercury, 

Platinum, 

Osmium, 

Silver, 

Pallnriium, 

Iridium. 

Gold, 

Rhodium, 

SECTION  n. 


Symbol  K;  E^uiealenl  39.15. 

594.  PoTiSBiuM,  or  kalium,  was  discovered  by  Davy,  in  the 
year  1807,  in  the  rollowing  manner:  Uydrale  of  puIasBa, 
alightly  moisteaed,  for  the  purpose  of  increasing  its  conducting 
power,  was  made  to  communicate  with  the  opposite  pok's  of  a 

Kwerful  galvanic  battery,  formed  by  uniting  several  smaller 
tteriea ;  when  the  oxygen  both  of  the  water  and  the  potaasa 
passed  over  to  the  positive  pole,  while  the  hydrogen  of  the 
tormer,  and  the  potaaainm  of  tlie  latter,  made  their  appearance 
Bt  the  negative  pole.  By  this  process,  potassium  is  obtained 
in  small  quantity  only  ;  but  Gay-Lussac  and  Thcnard  invented 
a  method  by  which  a  more  abundant  supply  may  he  procured. 
Their  process  consists  In  bringing  fused  hydrate  of  potassa  in 
contact  with  turnings  of  iron  heated  to  whiteness  in  a  gun- 
barrel.  The  iron,  under  these  circumstances,  deprives  the 
water  and  polassa  of  nxygen,  hydrogen  gas  combined  with  a 
little  potassium  is  evolved,  and  pure  potassium  subUmea,  and 
may  be  collected  in  a  cool  part  of  the  apparatus. 

Potassium  may  also  be  prepared,  by  mixinc  dry  carbon: 
of  potassa  with  half  its  weight  of  powdered  charcoal,  and  c 
posing  the  mixture,  contained  in  a  gun-barrel  or  spheroidal 
Iron  bottle,  to  a  strong  heat. 

A  further  improvement  consists  in  mixing  the  fused  carbo- 
nate of  potassa  intimately  with  a  mixture  of  iron  tilings  and 
charcoal  powder,  and  exposing  to  a  high  temperature.  An 
Intimate  mixture  of  carbon  with  the  carbonate  of  potasaa  ia 
obtained  by  heating  tartrate  of  potassa  to  redness. 

595.  Potassium  ia  solid  at  the  ordinary  temperature  of  the 
atmosphere.  At  70'  it  is  somewhat  fluid,  though  its  fluidity  is 
not  perfect  till  it  is  heated  to  150'.  At  50'  it  is  soft  and  mal- 
leable, and  yields  like  wax  to  the  pressure  of  the  fingers ;  but 
it  becomes  biitlle  when  cooled  to  32'.  It  sublimes  at  a  low 
red  heat,  without  undergoing  any  change,  provided  atmo- 
splieric  air  be  completely  excluded.  Its  texture  Is  crystaline, 
as  may  be  seen  by  breaking  it  across  while  bi'ittle,  and  cubical 
crystals  of  it  have  been  obtained.  In  color  and  lustre  it  Is 
very  similar  to  lead.  At  C0°  its  density  is  0.865,  so  that  It  is 
considerably  lighter  than  water.  It  is  quite  opaque,  and  is  a 
good  conductor  of  heat  and  electricity. 

The  most  prominent  chemical  property  of  potassium  Is  ita 
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aflSnity  for  oxygen  gas.    It  oxydizes  rapidly  in  the  air,  or  by 
contact  with  fluids  which  contain  oxygen. 

It  decomposes  water  the  instant  it  touches  it,  uniting  with 
the  oxygen,  and  sufficient  heat  is  produced  to  inflame  the  po- 
tassium. When  the  potassium  is  kept  under  water  violent 
reaction  takes  place,  but  without  light,  and  pure  hydrogen  is 
evolved.    Potassium  burns  with  a  beautiful  rose-red  flame. 

596.  On  account  of  its  strong  aflBinity  for  oxygen,  potassium 
is  always  preserved  in  glass  tubes  hermetically  sealed,  or  under 
some  liquid,  as  naphtha  or  oil  of  copaiba,  neither  of  which  con- 
tains oxygen. 

This  metal  will  even  take  fire  and  burn  brilliantly  in  carbonic 
acid,  if  first  heated  to  ignition.  The  oxygen  combines  with  the 
potassium,  and  the  carbon  is  deposited. 

POTASSIUM    AND    OXYGEN. 

There  are  two  compounds  of  these  substances,  the  protoxide 
and  peroxide,  composed  as  follows : 

Potassium,  Oxygen,      Equiv,     Symbols, 

Protoxide 1  eq.  +  1  eq..,.  47.i5....KO 

Peroxide 1  eq.  -f  3  eq 63.15. . .  .KO3 

597.  Protoxide  of  Potassium — This  compound,  commonly 
called  potash  or  pot  assay  and  by  the  Germans,  kali  (an  Arabic 
word),  is  always  formed  when  potassium  is  put  into  water,  or 
when  it  is  exposed  at  common  temperatures  to  dry  air  or  oxy- 
gen gas.  By  the  former  method  the  protoxide  is  obtained  in 
combination  with  water ;  and  in  the  latter  it  is  anhydrous.    In 

Performing  the  last-mentioned  process,  the  potassium  should 
e  cut  into  very  thin  slices ;  for  otherwise  the  oxydation  is 
incomplete. 

Anhydrous  potassa  is  prepared  by  the  slow  oxydation  of 
potassium,  as  already  mentioned.  In  its  pure  state  it  is  a  white 
solid  substance,  highly  caustic,  which  fuses  at  a  temperature 
somewhat  above  that  of  redness,  and  bears  the  strongest  heat 
of  a  wind  furnace  without  being  decomposed  or  volatilized.  It 
has  a  powerful  affinity  for  water,  and  intense  heat  is  disengaged 
during  the  act  of  combination. 

Three  hydrates  are  known,  which  are  composed  of  47.15,  or 
1  eq.  of  potassa,  united  with  9.27,  and  45  parts,  or  1,3,  and  5 
eq.  of  water,  respectively. 

f  The  protohydrate  of  potassa  is  solid  at  common  tempera- 
tures. It  fuses  at  a  heat  rather  below  redness,  and  assumes  a 
somewhat  crystaline  texture  in  cooling.  It  is  highly  deliques- 
cent, and  requires  about  half  its  weight  of  water  for  solution. 
It  is  soluble,  likewise,  in  alcohol.  It  destroys  all  animal  tex- 
tures, and  on  this  account  is  employed  in  surgery  as  a  caustic. 
It  was  formerly  called  lapis  causticus,  but  it  is  now  often  termed 

potassa  and  potassa  fasa.  This  preparation  is  made  by  evapo- 
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rating  the  aqueous  solution  of  potassa  in  a  silver  or  clean  iron 
capsule,  to  the  consistence  of  oil,  and  then  pouring  it  into 
moulds.  In  this  state  it  is  impure,  containing  oxide  of  iron, 
together  with  chloride  of  potassium,  and  carbonate  and  sul- 
phate of  potassa.  It  is  purified  from  these  substances  by  so- 
lution in  alcohol ;  and  evaporation  to  the  same  extent  as  before 
in  a  silver  vessel.  The  operation  should  be  performed  expedi- 
tiously, in  order  to  prevent,  as  far  as  possible,  the  absorption 
of  carbonic  acid.  When  common  caustic  potassa  of  the  drug- 
gists is  dissolved  in  water,  a  number  of  small  bubbles  of  gas 
are  disengaged,  which  is  pure  oxygen.  The  water  cannot  be 
expelled  from  this  compound  by  any  degree  of  heat  to  which  it 
has  been  exposed.    Its  specific  gravity  is  1.71. 

The  ter hydrate  of  potassa  is  formed  by  exposing  the  proto- 
hydrate  to  the  air  for  a  short  time.  At  first  it  becomes  moist 
very  .rapidly,  but  after  a  certain  quantity  of  water  has  been 
absorbed,  it  again  becomes  dry  and  appears  very  much  as  at 
first,  but  is  whiter,  and  its  texture  more  crystaline.  It  is  then 
found  to  contain  three  equivalents  of  water.  The  quintohy- 
drate  is  obtained  by  exposing  a  very  concentrated  solution  of 
potassa  to  an  intense  cold.  It  is  then  deposited  in  four-sided 
prisms,  terminated  by  a  four-sided  pyramid,  and  sometimes  in 
four-sided  tables  and  octahedrons. 

598.  The  aqueous  solution  of  potassa,  aqua  potassce  of  the 
pharmacopoeia,  is  prepared  by  decomposing  carbonate  of  po- 
tassa by  lime.  To  effect  this  object  completely,  it  is  advisable 
to  employ  equal  parts  of  quicklime  and  carbonate  of  potassa. 
The  lime,  as  soon  as  it  is  slaked,  is  added  to  the  carbonate, 
dissolved  in  ten  times  its  weight  of  hot  water,  and  the  mixture 
is  boiled  brisWy,  in  a  clean  iron  vessel,  for  about  ten  minutes. 
The  liquid,  after  subsiding,  is  filtered  through  a  funnel,  the 
throat  of  which  is  obstructed  by  a  piece  of  clean  linen.  This 
process  is  founded  on  the  fact  that  lime  deprives  carbonate  of 
potassa  of  its  acid,  forming  an  insoluble  carbonate  of  lime,  and 
setting  the  pure  alkali  at  liberty.  If  the  decomposition  is  com- 
plete, the  filtered  solution  should  not  effervesce  when  neutral- 
ized with  an  acid. 

The  decomposition  of  carbonate  of  potassa  by  lime  takes 
place  only  when  the  solution  is  largely  diluted  with  water,  as 
above  directed.  On  the  contrary,  carbonate  of  lime  is  itself 
decomposed  by  a  strong  solution  of  potassa. 

599.  As  pure  potassa  absorbs  carbonic  acid  rapidly  when 
freely  exposed  to  the  atmosphere,  it  is  desirable  to  filter  its  so- 
lution in  vessels  containing  as  small  a  quantity  of  air  as  possi- 
ble. This  is  easily  effected  by  means  of  the  filtering  apparatus 
devised  by  Donovan.  It  consists  of  two  vessels  A  and  D,  of 
equal  capacity,  and  connected  with  each  other,  as  represented 
in  figure  82.  The  throat  of  the  upper  vessel  or  funnel  A  is 
obstructed  by  a  piece  of  coarse  linen  loosely  TQ\\ft^  xx^^  ^\A 


HANVAL    OF    CHEMISTRY. 

not  pressed  down  into  the  pipe 
through  which  the  solution  is  filtered, 
pipe  c,  extending  from  e  t 
the  air  to  pass  irora  the  low 
upper;  and  the  operation  goes  quietly 
free  from  contact  with  the  atmosphere, 
cept  the  little  contained  within  the  appai 
taa  at  the  beginning  ofthe  process. 

Sol  u  I  ion  of  potaasa  is  highly  caustic, 
its  taste  intensely  acrid.   It  possesses  a 
line  properties  in  an  eminent  degree,  col 
verting  the  vegetable  blue  colors  to  greet . , 
and  neutralizing  the  stiongest  atids     It 
absorbs  carbonic  acid  gas  rapidly,  and  is 
consequently  employed  for  withdrawing 
'-1  that    substance    from  gaseous   mixtures. 
J  For  the  same  reason  it  should  be  preserved 
in  well-closed  bottles,  that  it  may  not  ab- 
sorb carlwnic  acid  from  the  atmosphere, 

600.  Potassa  is  employed  as  a  reagent 
in  detecting  the  presence  of  bodies,  and  in 
separating  them  from  each  other.  The 
solid  hydrate,  owing  to  its  strong  affinity 
for  water,  is  used  for  depriving  gases  of 
hygrornetric  moisture,  and  is  adinirabty 
fitted  for  forming  frigorific  mixtures. 

It  is  used  extensively  in  the  manufacture  of  soft  soap  by 
causing  it  to  combine  with  tallow  or  other  animal  matter.  For 
this  purpose  the  carbonate  it  contains  is  rendered  caustic  by 
filtering  the  solution  through  recently  slaked  lime. 

The  potassa  or  potash  of  commerce  is  obtained  by  lixivia- 
ting  the  ashes  of  wood  and  other  vegetable  substances.  It  a 
a  variable  mixture  of  pure  potassa,  carbonate,  and  sulphate  ot 
potassa,  and  a  variety  of  other  substances.  The  pure  potassa 
seldom  exceeds  twenty  per  cent.  This  subject  will  be  again 
referred  to  under  Carbonate  op  Potassa, 

60l.  Potassa  may  generally  be  very  rearlily  distinguished 
fi-om  all  other  substances  CKcept  sorJa.  When  pure,  or  in  the 
form  of  a  carbonate,  tartaric  acid  is  a  suffirient  test,  whidi 
forms  with  potassa  a  slightly  soluble  compound,  bilartrate  of 
potassa;  but  the  corresponding  salt  of  soda  is  highly  solublt 
When  combined  with  a  strong  acid,  potassa  may  he  linown  ' " 

tlving  with  chloride   of  platinum  a  yellow  precipitate,  ' 
ouble  chloride  of  platimim  and  potassium. 
The  following  test  has  been  recommended  by  M.  Harkor^.. 
for  distinguishing  between    potassa    and   soda  in  minerals. 
Oxide  of  nickel,  when  fused  by  the  blowpipe  flame  with  borax, 
gives  a  brown  glass ;  and  this  glass,  if  melted  with  a  mineral 
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containing  potassa,  becomes  blue,  an  effect  which  is  not  pro- 
duced by  the  presence  of  soda. 

602.  Peroxide  of  Potassium, — When  potassium  burns  in  the  open  air  in 
oxygen  gas,  it  is  converted  into  an  orange-colored  substance,  which  is  per- 
oxide  of  potassium.  It  may  likewise  be  formed  by  conducting  oxyg<^n  gas 
over  potassa  at  a  red  heat ;  and  it  is  produced  in  small  quantity  when  po- 
tassa is  heated  in  the  open  air.  It  is  the  residue  of  the  decomposition  of 
nitre  by  heat  in  metallic  vessels,  provided  the  temperature  be  kept  up  for  a 
sufficient  time.  When  the  peroxide  is  put  into  water,  it  is  resolved  into 
oxygen  and  potassa,  the  former  of  which  escapes  with  effervescence,  and  the 
latter  is  dissolved. 

It  maj  therefore  be  used,  as  has  been  suggested,  to  obtain  oxygen  extem- 
poraneously. 

POTASSIUM    AND  .CH  LORINE. 

There  is  but  one  compound  of  potassium  and  chlorine. 

Potassium,  Chlorine.        Equiv,        Symbol, 
Chloride  of  potassium. . . .  1  eq.  +  1  eq 74.57. ....  .KCl 

603.  Chloride  of  Potassium. — Potassium  takes  fire  spontaneously  in  an 
atmosphere  of  chlorine,  and  burns  with  greater  brilliancy  than  in  oxygen 
puB.  This  chloride  is  generated  with  evolution  of  hydrogen  when  potas- 
num  is  heated  in  hydrochloric  acid  gas ;  and  it  is  the  residue  afler  the  de- 
composition of  chlorate  of  potassa  by  heat  It  is  formed  when  potassa  is 
dissolved  in  a  solution  of  hydrochloric  acid,  and  is  deposited  by  slow  evapo- 
ration in  anhydrous  colorless  cubic  crystals.  It  has  a  saline  and  rather 
bitter  taste,  is  insoluble  in  alcohol,  and  requires  for  solution  3  parts  of  water 
at  60°. 

POTASSIUM    AND     IODINE, 

Potassium.  Iodine,      Equiv.       Symbol. 
Iodide  of  potassium .1  eq.  -|-  1  eq 165.45 KI 

604.  Iodide  of  Potassium. — This  compound  is  formed  with  evolution  of 
heat  and  light,  when  potassium-  is  heated  in  contact  with  iodine :  it  is  the 
sole  residue  afler  decomposing  iodate  of  potassa  by  heat ;  and  by  neutral- 
izing potassa  with  hydriodic  acid  it  is  obtained  in  solution.  The  simplest 
process  for  preparing  it  in  quantity  is  to  add  iodine  to  a  hot  solution  of  pure 
potassa  until  the  alkali  is  neutralized,  when  iodide  of  potassium  and  iodate 
of  potassa  are  generated,  evaporate  to  dryness,  and  expose  the  dry  mass  in 
a  platinum  crucible  to  a  gentJe  red  heat,  in  order  to  decompose  the  iodate. 

■  Hie  fused  mass  is  then  dissolved  out  by  water  and  crystalized. 

Iodide  of  potassium  fuses  readily  when  heated,  and  rises  in  vapor  at  a 

*heat  below  full  redness,  especially  in  an  open  vessel.  It  is  very  soluble  in 
Water,  requiring  only  two-thirds  of  its  weight  at  60°  for  solution,  and  in  a 
moist  atmosphere  deliquesces.  It  dissolves  also  in  strong  alcohol,  even  in 
the  cold,  and  the  solution,  when  evaporated,  yields  colorless  cubic  crystals 
of  iodide  of  potassium. 

The  commercial  iodide  is  frequently  impure,  often  containing  chloride 
of  potassium  or  sodium,  and  sulphate  or  carbonate  of  potassa,  the  last  some- 
tunes  in  a  very  large  quantity.  It  is  well  to  purchase  it  in  crystals,  which 
eaght  not  to  deliquesce  in  a  moderately  dry  air,  but  w^hen  in  powder  aca 
eompletely  soluble  in  the  atrongeat  alcohol. 
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This  gobstance  it  frequently  sold  under  the  name  of  hydriodate  of  paUuM,  L 
It  is  properly  a  hydriodate  only  while  in  solution,  always  changing  to  iodide  f\ 
of  potassium  when  evaporated  to  dryness.   Under  the  name  just  mentioned,!^ 
iodide  of  potassium  is  much  used  in  medicine  at  the  present  time.  f 

POTASSIUM    AND    SULPHUR. 

Potassium  and  sulphur  unite  in  five  proportions,  as  indicated  in  the 
lowing  table : 

PoUusium,  Sulphur,    Equiv.      Symbola. 

Sulphuret 1  eq.  +  1  eq 55.25 KS 

Bisulphuret 1  eq.  +  ^  eq 71.35 ....  KSs 

Tersulphuret 1  eq.  +  3  eq 87.45 ....  KS3 

Quadrosulphuret 1  eq.  +  4  eq. . . . .  103.55 ....  KS4 

Quintosulphuret 1  eq.  4*  5  eq.  . .  .119.65 ....  KS5 

605.  Protosulphuret  of  Potassium. — Potassium  unites  readily  with  n^ 
phur  by  the  aid  of  gentle  heat»  emitting  so  much  heat  that  the  mass  bst 
comes  incandescent  The  nature  of  the  product  depends  on  the  proportiooi- 
which  are  employed.  The  protosulphuret  is  readily  prepared  by  deconi* 
posing  sulphate  of  potassa  by  charcoal  or  hydrogen  gas  at  a  red  heat  It 
may  be  prepared  in  the  moist  way  by  a  process  which  will  be  mentioned  in 
describing  the  sulphur-salts. 

The  protosulphuret  of  potaasium  fuses  below  a  red  heat,  and  acquires,  on 
cooling,  a  cry sta  line  texture.  It  has  a  red  color,  its  taste  is  at  first  stroofly 
alkaline  and  then  sulphurous,  has  an  alkaline  reaction  with  test  paper,  dsi 
liquesces  on  exposure  to  the  air,  and  is  soluble  in  water  and  alcohol.  Mol^)^ 
of  the  acids  decompose  it  with  evolution  of  hydrosulphuric  acid  gas,  and 
without  any  deposite  of  sulphur.  It  takes  fire  when  heated  before  the  Uov^ 
pipe,  and  quickly  acquires  a  coating  of  sulphate  of  potassa,  which  stops  tbs 
combustion ;  but  when  mixed  in  fine  division  with  charcoal,  it  kindles 
spontaneously,  forming  a  good  pyrophorus. 

The  tersulphuret,  or,  according  to  Thomson,  the  quintosulphuret,  was  j^ 
formerly  called  hepar  sulphuris  at  liver  of  sulphur,  |r 

These  compounds,  it  will  be  observed,  beautifully  illustrate  the  third  ' 
law  of  combination  (321).    It  is  thought  there  are  some  indications  of  a  b! 
still  higher  degree  of  sulphuration.  «0 

POTASSIUM  AND  HYDROGEN.  ■]* 

606.  These  substances  unite  in  two  proportions,  forming,  in  one  case,!  jj 
gaseous,  and  in  the  other,  a  solid  compound.     The  former  infiaines  spoil* 
taneously  in  the  open  air,  and  the  latter  is  readily  decomposed  on  oominf 
in  contact  with  water.    The  solid  contains  the  least  hydrogen. 

Potassium  combines  also  with  bromine,  fluorine,  carbon,  phosphomfk 
•elenium,  &>& 


SODIUM. 

Symbol  Na;  Equivalent  23.3. 

607.  Sodium,  the  natrium  of  the  Germans,  was  discovered  in 
1807,  by  Davy,  a  few  days  after  the  discovery  of  potassiuoL 
The  first  portions  of  it  were  obtained  by  means  of  galvanism; 
hut  it  may  be  procured  in  much  larger  quantity  by  chemical 
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rocesses,  precisely  similar  to  those  just  described  for  obtain- 
ig-  potassium. 

Sodium  has  a  strong  metallic  lustre,  and  in  color  is  very 
nalogous  to  silver.    It  is  so  soft  at  common  temperatures,  that 

may  be  formed  into  leaves  by  the  pressure  of  the  fingers.  It 
ises  at  200^,  and  rises  in  vapor  at  a  red  heat.  Its  specific 
ravity  is  0.97. 

Sodium  soon  tarnishes  on  exposure  to  the  air,  though  less 
apidly  than  potassium.  Like  that  metal  it  is  instantly  oxy- 
ized  by  water,  hydrogen  gas  in  temporary  union  with  a  little 
odium  being  disengaged.  When  thrown  on  cold  water,  it 
wims  on  its  surface  and  is  rapidly  oxydized,  though  in  general 
^thout  inflaming ;  but  with  hot  water  it  scintillates,  or  even 
akes  fire.  Indeed,  the  heat  rises  high  enough  for  inflammation 
Hth  cold  water,  if  the  sodium  be  confined  to  one  spot,  and  the 
rater  rest  on  a  non-conducting  substance,  such  as  charcoal. 
II  each  case  soda  is  generated,  and  the  water  acquires  an  alka- 
Ine  reaction. 

Sodium  burns  with  a  beautiful  yellow  flame,  which  readily 
listinguishes  it  from  potassium. 

ALLOYS    OF    SODIUM. 

618.  Little  is  known  of  the  alloys  of  the  metals  belonging  to 
he  first  class.  It  is  known*  however,  that  sodium  and  potas- 
iutn  form  an  alloy  which  is  so  fiisible  that  it  is  liquid  at  ordi- 
lary  temperatures. 

SODIUM    AND    OXYGEN. 

Sodium  and  oxygen  combine  in  two  proportions,  as  indicated 
ti  the  following  table : 

Sodium.     Oxygen,     Equiv.    Symbols, 

Protoxide 1  eq.  +  1  eq 31.3. .  .NaO 

Peroxide 2  eq.  +  3  eq 70.6. .  .NaaOg 

619.  Protoxide  of  Sodium. — The  protoxide  of  sodium,  com- 
tionly  called  soda,  and  by  the  Germans,  natron,  is  formed  by 
he  oxydation  of  sodium,  as  potassa  is  from  potassium.  In  its 
tnhydrous  state,  it  is  a  gray  solid,  diificult  of  fusion,  and  very 
imilar,  in  all  its  characters,  to  potassa.  With  water  it  forms 
I  solid  hydrate,  easily  fusible  by  heat,  which  is  very  caustic, 
loluble  in  water  and  alcohol,  has  powerful  alkaline  properties,^ 
iDd  in  all  its  chemical  relations  is  exceedingly  analogous  to 
K>tassa.  The  solid  hydrate  is  composed  of  31.3  parts  or  one 
equivalent  of  soda,  and  9  parts  or  one  equivalent  of  water. 

The  soda  of  commerce  is  properly  the  carbonate  or  bicar- 
K>nate,  generally  the  latter.  From  the  carbonate  of  soda  the 
Hire  caustic  soda  may  be  prepared  in  the  same  manner  as 
iaustic  potassa. 

620.  Soda  is  readily  distinguished  from  other  alkaliiie  b\NSfe% 
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by  the  following  characters.  1.  It  yields  with  sulphuric  acid  a  i  f 
salt,  \vhi(!h  by  its  taste  and  form  is  eas^y  recognised  as  Glao-  h 
bor's  salt,  or  sulphate  of  soda.  2.  All  its  salts  are  soluble  in 
water,  and  are  not  precipitated  by  any  reagent.  3.  On  exposing 
its  salts  by  means  of  platinum  wire  to  the  blowpipe  flame,  they 
communicate  to  it  a  rich  yellow  color.  4.  It  may  easily  be  dis- 
tinguished from  potassa,  the  only  substance  for  which  it  can 
ever  be  mistaken,  by  its  forming  a  soluble  salt  with  tartaric 
acid  (611). 

61 1 .  Peroxide  of  Sodium. — This  compound  is  formed  when  sodium  is 
heated  to  redness  in  an  excess  of  oxygen  gas.  It  has  an  orange  color,  has 
neitlicr  acid  nor  alkaline  properties,  and  is  resolved  by  water  into  soda  aod 
oxygen.     There  is  some  doubt  concerning  its  actual  composition. 

SODIUM    AND    CHLORINE. 

4 

Sodium  and  chlorine  combine  with  great  energy,  but  only  in 
a  single  proportion. 

Sodivm,  Chlorine,  Eguiv.      SumhoL 
Chloride  of  sodium 1  eq.  +  1  eq 58.72. . .  .NaO 

612.  Chloride  of  Sodium. — This  compound  may  be  formed 
directly  by  burning  sodium  in  chlorine,  by  heating  sodium  in 
hydrochloric  acid  gas,  and  by  neutralizing  soda  with  hydro-  ^ 
chloric  acid.  It  exists  as  a  mineral  under  the  name  otrodt 
salt,  is  the  chief  ingredient  of  sea- water,  and  is  contained  in 
many  saline  springs.  From  these  sources  are  derived  the  dif- 
ferent varieties  of  common  salt,  such  as  rock,  bay,  fishery,  and 
stoved  salt,  which  differ  from  each  other  only  in  degrees  of 
purity  and  mode  of  preparation. 

The  common  varieties  of  salt,  of  which  rock  and  bay  salt 
are  the  purest,  always  contain  small  quantities  of  sulphate  of 
magnesia  and  lime,  and  chloride  of  magnesium.  These  earths 
may  be  precipitated  as  carbonates  by  boiling  a  solution  of  salt 
for  a  few  minutes  with  a  slight  excess  of  carbonate  of  soda,  J^ 
filtering  the  liquid,  and  neutralizing  with  hydrochloric  acid,  f' 
On  evaporating  this  solution  rapidly,  chloride  of  sodium  crys-  f 
talizes  in  hollow  four-sided  pyramids;  but  it  occurs  in  regular  ? 
cubic  crystals  when  the  solution  is  allowed  to  evaporate  spon-  )u 
taneously.  These  crystals  contain  no  water  of  crystalization, 
but  decrepitate  remarkably  when  heated,  owing  to  the  expan- 
sion of  water  mechanically  confined  within  them. 

Pure  chloride  of  sodium  has  an  agreeably  saline  taste.  It  I 
fuses  at  a  red  heat,  and  becomes  a  transparent  brittle  mass  on 
cooling.  It  deliquesces  slightly  in  a  moist  atmosphere,  but 
undergoes  no  change  when  the  air  is  dry.  In  pure  alcohol  it 
is  insoluble.  It  requires  twice  and  a  half  its  weight  of  water 
at  60^  for  solution,  and  its  solubility  is  not  increased  by  heat. 
Hydrous  sulphuric  acid  decomposes  it  with  evolution  of  hydro- 
chloric acid  gas,  and  formation  of  sulphate  of  soda. 
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613.  The  uses  of  chloride  of  sodium  are  well  known. 
Besides  its  employment  in  seasoning  food,  and  in  preserving 
meat  from  putrefaction,  a  property  which,  when  pure,  it  pos- 
sesses in  a  high  degree,  it  is  used  for  various  purposes  in  the 
arts,  especially  in  the  formation  of  hydrochloric  acid  and 
bleaching  salt 

614.  This  substance  was  formerly  supposed  to  be  hydro- 
chlorate  of  soda,  but  it  is  found  to  be  so  only  while  in  solution, 
if  at  all.  In  consequence  of  the  great  use  made  of  it,  particu- 
larly to  preserve  animal  substances  from  putrefaction,  and  f)r 
seasoning  food,  it  is  prepared  in  almost  every  country,  often  in 
immense  quantities.  In  England,  Poland,  and  other  countries, 
the  mineral  salt  is  dug  up  from  beneath  the  soil,  and  purifie  J 
by  solution  and  evaporation ;  but  in  this  country  it  is  chiefly 
prepared  from  the  brine  of  salt  springs.  The  brine  is  evapo- 
rated by  boiling,  generally,  but  often  by  the  heat  of  steam,  or 
the  sun's  rays.  More  than  2,000,000  bushels  are  annually 
manufactured  in  the  town  of  Salina,  New  York,  alone.  The 
brine  here  contains  more  than  |  of  its  weight  of  pure  salt. 

615.  The  natural  deposites  of  this  substance  are  often  very 
extensive;  one  in  England  is  said  to  be  half  a  mile  long,  1300 
yards  wide,  and  20  yards  in  thickness.  Considerable  search 
has  been  made  in  this  country  in  the  vicinity  of  brine  springs 
for  the  solid  deposite,  but  without  success,  till  recently  it  has 
been  found  at  no  great  depth  beneath  the  surface,  in  the  vicinity 
of  Abingdon,  Virginia. 

In  warm  countries,  as  on  the  coast  of  Portugal,  in  the  south 
of  France,  and  the  West  India  Islands,  this  substance  is  obtained 
by  the  spontaneous  evaporation  of  sea- water,  which  is  allowed, 
on  the  rise  of  the  tide,  to  flow  into  shallow  basins,  being  passed 
from  one  to  another,  as  it  becomes  more  concentrated,  and 
finally,  the  evaporation  being  finished  by  means  of  artificial 
heal.  Sea-water  usually  contains  about  2.5  parts  of  chloride 
of  sodium  to  100  parts  of  the  water,  besides  smaller  proportions 
of  several  other  compounds  of  magnesia  and  lime,  which  are 
often  found  in  salt,  but  which  are  separated  from  it  in  the 
manufacture  as  much  as  possible. 

It  is  worthy  of  remark  that  this  substance,  to  which  only, 
originally,  the  name  salt  was  appropriated,  and  which  subse- 
quently gave  name  to  an  immense  class  of  compounds,  is 
itself,  by  our  present  technical  arrangement,  entirely  excluded 
from  the  class. 

Sodium  forms  definite  compounds  with  iodine,  bromine, 
fluorine,  sulphur,  &c.,  but  they  are  not  described  in  this 
work. 
21 
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LITHIUM. 

Symbol  Li ;  Equivalent  6.4. 

616.  This  is  a  white-colored  metal,  like  sodium,  which  was  first  obtained 
by  Davy,  by  means  of  galvanism ;  but  it  was  reconverted  into  alkali  bo 
rapidly  by  the  absorption  of  oxygen,  that  he  did  not  succeed  in  collecting  it 
in  any  quantity. 

LITHIUM    AND    OXYGEN. 

Lithium  and  oxygen  form  but  a  single  compound,  called  lithia. 

Lithium,     Oxygen,        Equiv,    Symbol, 
Lithia 1  eq.  -f-   1  eq 14.4 LO 

617.  Protoxide  of  Lithium^  or  Lithia, — This  compound  was  discovered 
in  1818,  by  Arfwedson,  a  pupil  of  Berzelius,  in  a  mineral  called  petalite.  It 
has  since  been  detected  in  the  minerals  called  spodumeme,  lepidolite,  tour- 
maline, «Slc.,  and  in  a  solution  in  the  waters  of  some  mineral  springs. 

From  the  circumstance  of  its  having  been  first  obtained  from  an  earthy 
mineral,  it  has  received  its  present  name,  lithia^  from  Xtdos,  a  stone.  It 
has  hitherto  been  procured  in  small  quantity  only,  because  spodumeme  and 
petalite  are  rare,  and  do  not  contain  more  than  6  or  8  per  cent  of  the  alkali 
It  is  combined  in  these  two  minerals  with  silicic  acid  and  alumina; 
whereas,  potassa  is  likewise  present  in  lepidolite  and  lithion-niica,  and 
therefore,  lithia  should  be  prepared  solely  from  the  former. 

The  best  method  for  preparing  lithia  is  to  mix  intimately  one  part  of 
petalite  or  spodumeme,  in  fine  powder,  with  two  parts  of  fiuor  spar,  and 
three  or  four  of  sulphuric  acid,  and  heat  gently  as  long  as  any  acid  vapors 
escape.  The  silica  is  expelled  in  the  form  of  fiuo-silicic  acid  (481),andsid- 
phates  of  alumina  and  lithia  remain,  from  which  the  alumina  is  precipitated  t 
by  boiling  in  solution  of  ammonia.  The  liquid,  which  is  a  solution  of  the 
sulphates  of  ammonia  and  lithia,  is  now  to  be  evaporated  to  dryness,  and 
the  sulphate  of  ammonia  expelled  by  heating  the  dry  mass  to  redness.  The 
residue  is  pure  sulphate  of  lithia,  which  may  be  converted  into  a  carbonate 
by  decomposing  it  by  acetate  of  baryta,  and  heating  to  redness  the  acetate 
of  lithia  thus  obtained.  The  caustic  hydrate  may  be  formed  from  the  car> 
bonate  by  the  action  of  lime,  as  directed  for  preparing  hydrate  of  potassa. 

Lithia,  in  its  alkalinity,  in  forming  a  hydrate  with  water,  and  in  its 
chemical  relations,  is  closely  allied  to  potassa  and  soda.  It  is  distinguished 
from  them  by  its  greater  neutralizing  power,  by  forming  sparingly  soluble 
compounds  with  carbonic  and  phosphoric  acids,  and  by  its  salts,  when 
heated  on  platinum  wire  before  the  blowpipe,  tinging  the  flame  of  a  red 
color.  Also,  when  fused  on  platinum  foil,  it  attacks  that  metal,  and  leaves 
a  dull  yellow  trace  around  the  spot  where  it  lay. 

Lithium  is  capable  of  uniting  with  chlorine,  fluorine,  &c.,  but  little  is 
known  of  the  nature  of  the  compounds. 
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SECTION  m. 

METALLIC    BASES    OF    THE    ALKALINE    EARTHS. 

BARIUM. 

Symbol  Ba;  Equivalent  68.7. 

628.  Barium,  the  metallic  base  of  baryta,  was  discovered  in 
the  year  1808,  by  Davy,  by  a  process  suggested  by  Berzelius 
and  Pontin.  It  consists  in  forming  carbonate  of  baryta  into  a 
paste  with  water,  placing  a  globule  of  mercury  in  a  little  hollow 
made  in  its  surface,  and  laying  the  paste  on  a  platinum  tray 
which  communicates  with  the  positive  pole  of  a  galvanic  bat- 
tery of  100  double  plates,  while  the  negative  wire  is  in  contact 
with  the  mercury.  The  baryta  Is  decomposed,  and  its  barium 
combines  with  mercury.  This  amalgam  is  then  heated  in  a 
vessel  free  from  air,  by  which  means  the  mercury  is  expelled, 
and  barium  obtained  in  a  pure  form. 

By  using  the  chloride  of  barium  in  contact  with  mercury  in 
a  powerful  galvanic  battery.  Hare  has  succeeded  in  obtaining 
the  metal  in  larger  quantities  than  had  before  been  found  prac- 
ticable. 

Barium,  thus  procured,  is  of  a  dark  grey  color,  with  a  lustre 
inferior  to  cast  iron.  It  is  far  denser  than  water,  for  it  sinks 
rapidly  in  strong  sulphuric  acid.  It  attracts  oxygen  with 
avidity  from  the  air,  and  in  doing  so  yields  a  white  powder, 
which  is  baryta.  It  effervesces  strongly,  from  the  escape  of 
hydrogen  gas,  when  thrown  into  water,  and  a  solution  of  baryta 
is  produced. 

BARIUM    AND    OXYGEN. 

There  are  known  at  present  but  two  compounds  of  barium 
and  oxygen,  the  protoxide  and  the  peroxide. 

Barium.  Oxygen.        Equiv.      Symbols, 

Protoxide 1  eq.  +  1  eq 76.7 BaO 

Peroxide 1  eq.  +  2  eq. 84.7 BaO^ 

629.  Protoxide  of  Barium, — Barytes,  or  baryta^  so  called 
from  the  great  density  of  its  compounds,  (from  jJo^uj,  heavy^) 
was  discovered  in  the  year  1774,  by  Scheele.  It  is  the  sole  pro- 
duction of  the  oxydation  of  barium  in  air  and  water.  It  may 
be  prepared  by  decomposing  nitrate  of  baryta  at  a  red  heat,  or 
by  exposing  carbonate  of  baryta  contained  in  a  black  lead 
crucible  to  an  intense  white  heat ;  a  process  which  succeeds 
much  better  when  the  carbonate  is  intimately  mixed  with 
charcoal.  Baryta  is  a  grey  powder,  the  specific  gravity  of 
which  is  about  4.     It  requires  a  very  high  temperature  for 
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fusion.  It  has  a  sharp  caustic  alkaline  taste,  converts  vegeta- 
ble blue  colors  to  green,  and  neutralizes  the  strongest  acids. 
Its  alkalinity,  therefore,  is  equally  distinct  as  that  of  potassa  or 
soda ;  but  it  is  much  less  caustic  and  less  soluble  in  water  than 
those  a]kali€^s.  In  pure  alcohol  it  is  insoluble.  It  has  an  exceed- 
lnt:ly  strong  affinity  for  water.  When  mixed  with  that  liquid 
it  slakes  in  the  same  manner  as  quicklime,  but  with  the  evolu- 
tion of  a  more  intense  heat,  which  sometimes  amounts  to  lumi- 
nousness.  The  result  is  a  white  bulky  hydrate,  fusible  at  a 
red  heat,  and  which  bears  the  highest  temperature  of  a  smith's 
forge  without  parting  with  its  water.  It  is  composed  of  76.7 
parts  or  one  equivalent  of  baryta,  and  9  parts  or  one  equivalent 
of  water. 

Hydrate  of  baryta  dissolves  in  three  times  its  weight  of 
boiling  water,  and  in  twenty  parts  of  water  at  the  temperature 
of  60^.  A  saturated  solution  of  baryta  in  boiling  water  depo- 
sites,  in  cooling,  transparent,  flattened,  prismatic  crystals,  whkrh 
are  composed,  according  to  Dalton,  of  76.7  parts  or  one  equiva- 
lent of  barjrta,  and  180  parts  or  twenty  equivaltnts  of  water; 
or,  according  to  another  analyst,  one  atom  of  baryta  and  ten 
atoms  of  water. 

Both  the  sulphate  and  the  carbonate  of  baryta  are  found 
native,  but  the  former  much  the  more  firequently.  It  is  there- 
fore generally  used  in  preparing  the  nitrate,  from  which  the 
pure  earth  is  itself  obtained,  as  is  above  described. 

To  prepare  the  nitrate,  the  sulphate  in  fine  powder  is  mixed 
with  an  eighth  of  its  weight  of  powdered  charcoal,  and  kept 
for  some  time  at  a  white  heat  in  a  covered  crucible ;  by  which 
it  is  converted  into  a  sulphuret  of  barium.  This  sulphuret  is 
then  easily  decomposed  by  dilute  nitric  acid,  nitrate  of  baryta 
is  formed,  and  the  sulphur  deposited. 

The  aqueous  solution  of  baryta  is  an  excellent  test  of  the 
presence  of  carbonic  acid  in  the  atmosphere,  or  in  other  gase- 
ous mixtures.  The  carbonic  acid  unites  with  the  baryta,  and 
a  white  insoluble  precipitate,  carbonate  of  baryta,  subsides. 

630.  Baryta  is  distinguished  from  all  other  substances  by  the 
following  characters.  \.  By  dissolving  in  water  and  forming 
an  alkaline  solution.  2.  By  all  its  soluble  salts  being  precipi- 
tated as  white  carbonate  of  baryta  by  alkaline  carbonates,  and 
as  sulphate  of  baryta,  which  is  insoluble  both  in  acid  and  alka- 
line solutions,  by  sulphuric  acid  or  any  soluble  sulphate.  3.  By 
the  characters  of  chloride  of  barium,  formed  by  the  action  of 
hydrochloric  acid  on  baryta. 

Most  of  the  compounds  of  baryta  are  highly  poisonous,  espe- 
cially the  more  soluble  ones.  The  sulphate  being  very  inso- 
luble, is  inert. 

631.  Peroxide  of  Barium. — This  oxide  may  be  formed  by  passing  a 
cnrrent  of  dry  oxygen  gas  over  baryta,  at  a  low  red  heat ;  or  by  simply 
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beatiiig  baryta  in  an  atmosphere  of  oxygen.    It  is  used  only  for  the  pur- 
pose of  preparing  peroxide  of  hydrogen  (392). 

BARIUM    AND    CHLORINE. 

Barium,    Chlorine.    Equiv.      Symbol, 
Chloride  of  Barium 1  eq.  +   1  eq. 104.12 Bad 

622.  Chloride  of  Barium, — Chloride  of  barium  is  formed  when  pure  ba- 
ryta  is  heated  in  chlorine,  with  the  liberatien  of  oxygen  gas,  or  by  dissolving 
earbonate  of  baryta  in  hydrochloric  acid  diluted  with  3  times  its  weight  oi 
water.  On  concentrating  the  solution,  the  chloride  crystalizes,  which  con- 
tains  1  eq.  of  chloride  and  18  eq.  of  water. 

Chloride  of  barium  is  much  used  as  a  test  for  sulphuric  acid,  either  free 
or  in  a  state  of  combination.  The  two  substances  unite  and  form  an  inso- 
luble white  precipitate. 

BARIUM    AND    SULPHUR. 

Barium,  Sulphur,    Equiv,      Symbol, 
Sulphuret  of  Barium 1  eq.  +  1  eq 84.8 BaS 

623.  Sulphuret  of  Barium, — This  compound  may  be  formed  by  making 
the  native  sulphate  of  baryta  in  fine  powder  into  a  paste  with  flour,  and 
exposing  it  in  a  close  crucible  to  a  white  heat  for  one  or  two  hours.  The 
sulphuret  is  formed  by  the  deoxydation  of  both  the  sulphuric  acid  and  the 
base  of  the  salt,  the  sulphur  and  the  barium  at  the  same  time  combining. 
The  sulphuret  being  highly  soluble  may  be  separated  from  the  mass  by 
boiling  water. 

Sulphuret  of  barium  possesses  considerable  interest,  as  from  it  the  various 
salts  of  baryta,  and  indeed  the  pure  earth  itself^  may  readily  be  obtained. 
For  this  last  purpose  nitrate  of  baryta  is  first  formed  simply  by  the  applica- 
tion of  nitric  acid. 

Barium  combines  also  with  iodine,  bromine,  fluorine,  phosphorus,  &>c 


STRONTIUM. 

Symbol  Sr ;  Equivalent  43.8. 

624.  Davy  discovered  the  metallic  base  of  strontia,  called 
itrontium,  by  a  process  analagous  to  that  described  for  pro- 
curing barium.  All  that  is  known  respecting  its  properties  is, 
that  it  is  a  heavy  metal,  similar  in  appearance  to  barium,  that 
it  decomposes  water  with  evolution  of  hydrogen  gas,  and  oxy- 
dizes  quickly  in  the  air,  being  converted  in  both  cases  into 
strontia,  which  is  the  protoxide  of  the  metal. 

STRONTIUM     and     OXYGEN. 

Strontium  and  oxygen  form  two  compounds,  the  protoxide 
and  the  peroxide,  which  are  composed  as  follows : 
21* 
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Oxygen.    Efmm,      fi^Mfc 

Protoxide 1  eq.  +  1  eq.....51.8....SrO 

Peroxide 1  eq.  -f-  2eq.....59.8....Sr02 

G25.  Protoxide  of  Strontium, — ^From  the  close  resemblance 
between  baryta  and  strontia,  these  substances  were  once  sup- 
posed to  be  identical ;  but  the  existence  of  strontia  was  estab- 
Ushed  in  the  year  1792.  It  was  originally  extracted  from  stron- 
tianitc,  native  carbonate  of  strontia,  a  mineral  found  at  Strontian, 
In  Scotland ;  and  hence  the  origin  of  the  term  gtrontit€$  or 
strontia^  by  which  the  earth  itself  is  designated. 

Pure  strontia  may  be  prepared  from  nitrate  and  carbonate 
of  strontia,  in  the  same  manner  as  barjrta.  It  resembles  this 
earth  in  appearance,  in  infusibility,  and  in  possessing  distinct 
alkaline  properties.  It  slakes  when  mixed  with  water,  causing 
Intense  heat,  and  forming  a  white  solid  hydrate,  which  consists 
of  61.8  parts  or  one  equivalent  of  strontia,  and  9  parts  or  one 
equivalent  of  water.  Hydrate  of  strontia  fuses  readily  at  a  red 
heat,  but  sustains  the  strongest  heat  of  a  wind  furnace  without 
decomposition.  It  is  insoluble  in  alcohol.  Boiling  water  dis- 
solves it  freely ;  and  a  hot  saturated  solution,  on  cooling,  depo« 
sites  transparent  crystals  in  the  form  of  thin  quadrangular 
tables,  which  consist  of  one  equivalent  of  strontia  and  twelve  i 
equivalents  of  water.  They  are  converted  by  heat  into  the 
protohydrate.  They  require  fifty  times  their  weight  of  water 
at  00°  for  solution,  and  twice  their  weight  at  212°. 

The  solution  of  strontia  has  a  caustic  taste  and  alkaline 
reaction.  Like  the  solution  of  baryta  it  is  a  delicate  test  of  the 
presence  of  carbonic  acid  in  air  or  other  gaseous  mixtures, 
forming  with  it  the  insoluble  carbonate  of  strontia. 

620.  A  striking  characteristic  of  the  compounds  of  strontia, 
by  which  thoy  may  generally  be  distinguished,  is  the  crimson 
red  ilanie  they  communicate  to  alcohol,  holding  them  in  solu- 
tion. They  also,  when  heated  on  a  platinum  wire  before  the 
blowpipe,  give  to  the  flame  the  same  red  tinge.  The  experi- 
menter should,  however,  be  careful  to  distinguish  between  the 
peculiar  tinge  occasioned  by  strontia,  and  that  caused  by  lithia 
or  lime. 

The  red  lights  used  in  fire-works,  owe  their  color  to  nitrate 
of  strontia,  with  which  they  are  prepared. 

Peroxide  of  Strontium. — This  compound  is  formed  by  mixing  solution 
of  strontia  with  binoxide  of  hydrofircn.  It  much  resembles  the  correspond- 
ing^oxide  of  barium,  but  is  considered  more  permanent 

The  chloride,  iodide,  fluoride,  sulphuret,  and  phosphurct  of  strontiam 
may  easily  be  formed,  but  no  description  of  them  is  given  in  this  work. 
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CALCIUM. 

Symbol  Ca ;  Equivalent  20.5. 

637.  The  existence  or  calcium,  the  metallic  base  of  lime,  was 
demonstrated  by  Davy,  by  a  process  similar  to  that  described 
for  obtaining  barium.  It  is  of  a  whiter  color  than  barium  or 
strontium,  and  is  converted  into  lime  by  being  oxydized.  Its 
other  properties  are  unknown. 

CALCIUM    AND    OXYGEN. 

These  substances  also  unite  in  two  proportions,  forming  defi- 
nite compounds. 

Calcium.  Oxygen,      Equiv,      Symhols. 

Protoxide 1  eq.  +  1  eq 28.5. . .  .CaO 

Peroxide 1  eq.  +  2  eq 36.5 CaOg 

638.  Protoxide  o/  Calcium,  —  This  compound,  commonly 
known  by  the  name  of  lime  and  quicklime,  is  obtained  by 
exposing  carbonate  of  lime  to  a  strong  red  heat,  so  as  to  expel 
its  carbonic  acid.  If  lime  of  great  purity  is  required,  it  should 
be  prepared  from  pure  carbonate  of  lime,  such  as  Iceland  spar 
or  Carrara  marble ;  but  in  burning  lime  in  lime-kilns  for  making 
mortar,  common  limestone  is  employed.  The  expulsion  of 
carbonic  acid  is  facilitated  by  mixing  the  carbonate  with  com- 
bustible substances,  in  which  case  carbonic  oxide  is  crenerated. 

639.  Lime  is  a  brittle,  white,  earthy  solid,  the  specific  gravity 
of  which  is  about  2.3.  It  phosphoresces  powerfully  when  heated 
to  full  redness,  a  property  which  it  possesses  in  common  with 
strontia  and  baryta.  It  is  one  of  the  most  infusible  bodies 
known ;  fusing  with  difficulty  even  by  the  heat  of  the  oxyhy- 
drogen  blowpipe. 

Exposed  to  the  air,  it  gradually  absorbs  carbonic  acid  and 
crumbles  to  powder.  It  has  also  a  powerful  affinity  for  water, 
which  is  absorbed  instantly  on  being  poured  upon  it ;  and  the 
combination  is  attended  with  great  increase  of  temperature, 
and  formation  of  a  white  bulky  hydrate,  which  is  composed  of 
28.5  parts  or  one  equivalent  of  lime,  and  9  parts  or  one  equiva- 
lent of  water.  The  process  of  slaking  lime  consists  in  forming 
this  hydrate,  and  the  hydrate  itself  is  called  slaked  lime.  It 
differs  from  the  hydrates  of  strontia  and  baryta,  in  parting  with 
its  water  at  a  red  heat. 

Hydrate  of  lime  is  dissolved  very  sparingly  by  water,  and  it 
is  a  singular  fact,  that  it  is  more  soluble  in  cold  than  in  hot 
water.  Thus  it  is  found  that  one  grain  of  lime  requires  for 
solution 

778  grains  of  water at   60° 

972  do 130 

1270  do ^l*i 


S4>  VAxr^L  or  cdexistrt. 

A-  ■■-  •  ■-'v;"-rr:!/.  '~  reatir.g  a  Si>Iution  of  lime,  or /ini6-ira/6r, 

V  ■-*   "r^-  :  -  :o.-T-:  :r.  :r.e  c.\  i.  deposition  of  lime  ensues. 
.-.•  ■',    .:  >  :"  ..."  i  AMirr  wJI  -iissolve  jusl  twice  as  much  lime 

1  ■  ;  .-   :--_..\rr-i   ry  ruixing  hydrate  of  lime  with 

V  •  -.  ..;:..:  J  :  -y  iLixTure  rejvateJIy.  and  then  setting  it 
.->  .:■  ■  -.  :  .  >:  ;■->?■:  :o::le  ur.ril  the  undissolved  parts  shaD 
■?-■.■>:>>  :  I  ~V  >  ::i:jr.oe  tv.I;evJ  mi. "A*  or  cream  of  lime  is 
:  ■.  -  .  y  "  :\:.- -  ;y  i.-i:e  of  Mr^e  with  a  sufficient  quantity  of 
V. ;.- ::  :  ^^ .  v  ::  :  >  ". ;  j:i  :Vr:i: : — it  is  merely  lime-water,  in 
-  .      ■  .  y  -. .-;. :  -■    :' ' . .:  /e  : >  iiieL'  har;  ioa ! '.y  s uspend ed. 

:  >■.  -.::.-  .".■>  .i  .  .irsr..  a:r:i  taste,  and  converts  vegetable 
V.  ;:>  :'  c.'^rr..  I:  agrees,  therefore,  with  baryta  and 
>:.  .-:  .■-.  :  ■.  ■.-•■>i->.-.:j  i:>:;r.c:  aikalme  properties.  On  account 
o;"  :.  T'  .■.".::■  ::y  .  :'  ".i./.e  fr  carS.^r.ic  acid,  its  solution  should  be 
1* .1  r:* :'. . ■  y  :*  r  .■ :  :-v :  •:  .i  :"r .'^  ::i  :r. e  a  ir.  By  sol ut ion  of  carbonic  acid 
::  :>  r.:>:  rTi-.-.^rv-.:  :-.:r'r:.i  by  the  Inrmation  of  carbonate  of  lime, 
V":  :.o  ::v.:-:>.\i:v;.vy  i>  restored  by  adding  a  larger  quantity 
o:"  :/f  ,-.v:.:.  :ov.\-..:>e  carbonate  of  lime  is  soluble  in  excess  of 
t\\:.\:-:v*  .'.vi.:.  The  action  of  this  acid  on  the  solutions  of 
l\i>:a  a.:.:  >:r,^:-.::.i  :>  pn?o:>e!y  similar. 
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•.-I  iz^  use  of  lor  n^any  important  purposes,  par- 
l :.- .:  ,1  • " y  ; ::  :  •  e  r rt^  j\i  ra: ion  of  mortar  for  building.  This  mor- 
i.\r  00 :.>;>:<  s/./py  of  a  mixture  of  quicklime  and  siliceous 
iv..i::or  :-.;.i.:-.^  ::-.:o  a  '^viste  with  water,  and  becomes  very  hard, 
l\v  oI:y  ::■::,  i:*.  a  >>.^rt  liir.o.  It  has  generally  been  supposed 
i.'.i:  :;■:<  .\ir.:c"i:.i:.  arid  subsoi^uent  insolubility  in  water,  are 
10  /o  .■::.; ".'/.to.*  to  ::s  l-ooor.iing  a  carbonate  by  the  absorption 
of  o,i:\v".:o  avi.:  f:oi:i  to.e  atmosphere;  but  it  has  been  sug- 
»:os:o.i  \\::::  :r.;io!:  jvausibijiy  that  a  partial  solution  of  silica  in 
i::o  c.u:s::o  !i:::e  pro'xibly  takes  place,  causing  the  extreme 
I'.arvl-.oss  of  :>e  ro.ortar,  even  in  the  middle  of  thick  walls,  where 
tlu^  oarvvr.io  aoid  of  the  atmosphere  can  hardly  be  supposed  to 
jvPiOtrato. 

iWl.  T::oro  art\  however,  several  different  kinds  of  mortar, 
or  ooinont.  of  whio:i  limo  is  the  chief  ingredient,  besides  com- 
mon mortar,  whioh  lias  just  been  described.  They  are  known 
by  ilio  names  of  hydraulic  cements  and  Roman  cement;  and 
tlunigh  they  differ  in  some  respects  from  each  other,  the  essen- 
tial oharaoteristic  seems  to  be  the  same  in  both,  and  is  probably 
tv>  Ih^  attributed  to  the  same  cause.  Mortar  made  of  common 
lime,  or  lime  nearly  pure,  can  be  made  to  set  or  become  solid 
only  in  the  air,  though  afterwards  it  resists  [perfectly  the  action 
of  water ;  but  mortar  prepared  from  these  cements,  undergoes 
this  change  in  moist  places,  or  even  under  water.  This,  it  is 
now  well  ascertained,  is  occasioned  by  chemical  combination 
taking  place  between  the  lime  and  silica,  and  sometimes  alu- 
\of  which  the  cement  is  composed.  When  the  lime  is 
intimately  witli  ten  per  cent,  of  silica,  mortar  formed 
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from  it  partakes  slightly  of  the  hydraulic  character,  but  it 
should  contain  from  20  to  30  per  cent,  in  order  to  constitute 
hydraulic  lihie.  Alumina  alone  mixed  with  lime  does  not  pro- 
duce the  same  effect ;  but  combined  with  silica,  it  improves  the 
cement.  The  best  varieties  of  hydrauUc  lime  are  composed  of 
from  60  to  80  parts  of  lime  in  100,  the  remainder  being  about 
equal  parts  of  silica  and  alumina.*  Other  substances,  as  mag- 
nesia and  oxide  of  iron,  are  often  present,  but  seem  to  produce 
no  beneficial  effects. 

Hydraulic  lime,  or  cement,  as  it  is  frequently  called,  is  usu- 
ally prepared  from  limestone,  which  contains  the  necessary 
ingredients,  in  the  same  manner  as  quicklime;  but  it  may  be 
formed  artificially.  The  ancient  Romans  were  accustomed  to 
form  an  artificial  cement,  by  mixing  a  volcanic  stone  called 
jnizzolana,  found  at  Puteoli,  near  Mount  Vesuvius,  with  lime ; 
and  a  basaltic  rock  called  tras  or  terras,  obtained  from  the 
banks  of  the  Rhine,  has,  in  modern  times,  been  used  for  the 
flame  purpose.  A  mixture  of  3  parts  of  chalk  and  one  of 
common  clay,  well  ground  together  and  made  into  paste  with 
water,  and  moulded  in  the  form  of  bricks,  affords  by  calcination 
and  grinding  an  excellent  cement. 

632.  Roman  cement  is  a  name  given,  some  40  or  45  years 
ago,  to  a  cement  prepared  from  a  kind  of  stone  found  in  nodules 
In  the  geological  formation  on  which  the  city  of  London  stands, 
called  London  clay.  Specimens  of  it  presenting  a  peculiar 
appearance,  and  sometimes  susceptible  of  receiving  a  high 
polish,  are  called  septaria,  A  similar  rock  is  found  in  Cumber- 
land, Maryland,  and  in  Springfield,  Massachusetts.  The  Roman 
<%ment  obtained  for  a  time  great  celebrity,  but  it  is  believed  to 
be  no  better  than  other  varieties  of  hydraulic  lime,  prepared  in 
numerous  places  in  our  own  country.  Hydraulic,  as  well  as 
common,  or  fat  lime,  is  usually  mixed  with  more  or  less  sand 
when  made  into  mortar. 

633.  The  most  delicate  test  of  the  presence  of  lime  is  oxalate 
of  ammonia  or  potassa ;  for,  of  all  the  salts  of  lime,  the  oxalate 
is  the  most  insoluble  in  water.  This  serves  to  distinguish 
lime  from  most  substances,  though  not  from  baryta  and  stron- 
tia;  because  the  oxalates  of  baryta  and  strontia,  especially 
the  latter,  are  likewise  sparingly  soluble.  All  these  oxalates 
dissolve  readily  in  water  acidulated  with  nitric  or  hydrochloric 
acid,  n  is  distinguished  from  baryta  and  strontia  by  the  fact 
that  nitrate  of  lime  yields  prismatic  crystals  by  evaporation,  is 
deliquescent  in  a  high  degree,  and  very  soluble  in  alcohol : 
while  the  nitrates  of  baryta  and  strontia  crystalize  in  regular 
octahedrons  or  segments  of  the  octahedron,  undergo  no  change 
on  exposure  to  the  air,  except  when  it  is  very  moist,  and  do 
not  dissolve  in  pure  alcohol. 


*  These  proportions  are  subject  to  great  vaiiauotva. 


Z  .-r  >^".*     :'   'LSL»r.    v.kcl  r^iir-i   :»r:":-r*  ihe  blowpipe,  W 

V  :-  :  -.;-_-  j.    jr-  i-f  _i  i-':-.'!-:*.  irr  =»?:  :::  ire.  cocuxiumcate to 

-a.    .-    -  -  .^*        .'«..-. in. — 7:-i  .-.iJDi  :*  :crptr&£  ia  xbe  same  way li 

:  A  1  :  : :  X    ±yz    : h i : s : y  z . 

:  -„■  :.  :.    :_.  L-  :  f^  —  :  -: S5i>2...  CaCI 

■-..r.  .-•"."£..-*»•  — Tl..*  .*  iM  ■•:1t  ?:.Tr.T*D(::r,c  of  these  twonk 

>■-  .  >  i . .  -.  T  1-  r:  ;t  :,*  n-^.  :«j^-i  :/  >.ii^.r  '-:^t  :::  chlorine  gas,  or  by 
-■ -^  -  -^  .."...:  .-^  ;■'  ..i.ii  ^  i-i-;<ij:L-.r  I :.i  £r;- evaporating  to di^ 
=  -^  1  r  :-:.•.■;  .:  r~-:L:  Li'ZZjr.jcr;  rj -.jf  ^rdiDa^T  process  of  pi^ 
.~~~  ^  1  ■ :.-  --".  :.'.  :..:«  «.l-i  \i»i  rir^-Tctii  .-■"t=.— rcia. 

-  "^  .:^  >  >L-.!:^  iiE^.TT  3;r  -wLifr.  :;  ^*  =:::?"-  used  to  deprire  guu 
*-'  -^  -•  ;•;  -  s.  .-siu^T^-*  jc  :jiL_r  ziiztiacz:^:.  iztz  issc  :';«■  fonuing  fiigorific  adfr 

rAL::rx   a^i*  rirosiyE. 

y  .^.r  . .  :/  J*:.';^:::!.    . 1  ec.  —  1  « 39.1d. . .  .CiF 

?o:.  r- ."-  i,   v~i*.-zTi. — Ti»  is  a  i:iTcri«  product,  which  freqoentJf  JT 

^^.v-kr:  r.  .>  r...  r^..  :  .i-^^i;.  ?*j^:itlT  ib-Tse  o:  if  ad  and  tin,  oilen  ocean  ■ 

."'.  N-.-  .*  -".  >v  t::.  :j  wii.   'iztzJTz  zztXT  ibc  Dime  ofjfuor  or  DerbyMn  - 

«■-  ■■'-si^j.i  ',v::j^.£  -jz.  IK  iric  sines  of  Derbyshire  are  remarkabli 

*.."'    ■ .  ■  *c^  s^-.Tif.  12*^  -^£-  ':»— rr  af  ibeir  form,  and  the  variety  and  beauty  t- 

V  .\v  <-.  -  ^  ".- -ri  trtzriitr-T  ia  jK«oe  parts  of  this  country.  In  the 
TVY-.-1,-'    .      ..  N;  »  V.-c-k  r-":.::  crysrak  a  fool  in  each  of  their  dimensiooi 

J  .  V  . .  .  -i  T  ZT.\  ■^:»f*  a:  a  iw:  beat  without  further  change.  It  ii 
-,  >ft.  .  :. .  .  "  ::;r,  st-^rily  *o;uStf  ia  be*  ciluied  hydrochloric  acid,  and  ii 
,^^\  vw.'.  r^  s,:nr ;;:..-  j.::i  aij^  by  gentle  heat  ^570).  It  is  in  a  small 
,^,-^  w  ,  .vv. .  .VW.V.  r\  ivv.l.rx  ~:^^c  acid.  Fused  with  carbonate  of  potassa, 
ct  .\v  1^-  ,■.:"■..■»;■  aric  r.j.inae  itc  >?(assium  arc  generated. 

r  V  vs.:  *v  :'.;>,-kr.o?  oc*  c-A^cium  is  often  cut  into  vases,  and  other  (xna- 
v.v   :,'.".  X :■•..,",•*»  ar>c  s*  ;3*vi  is  a  *:ux  in  the  smelting  of  metallic  ores.    Ilii  • 
iV,v.v  ;.  .s  'is;  o:rv-;:r.i*:Ar»iX  ihtt  it  has  received  the  name  of  fluor  spar.         ! 

Oo'  Vh,^fph>.-r7  o'  Cc'.nvn. — It  is  formed  by  passing  the  vapor  of 
xsS,vs;\:j.v  ;«  .nrr  frajrn^cnts  of  quicklime  at  a  low  red  heat;  when  a  brown 
vusi»j  I?  rornu\^  c\\nsis!ing  of  phosphate  of  lime  and  phospharet  of  cal- 
cju-^v  \V:7C«  put  into  water,  phosphorous  acid  and  phosphuretted  hydro- 
|E>'U  Atr  p!\viiuv«i :  and  the  latter  being  in  its  spontaneously  inflammaUa  ' 
«NMx«iiiu\n  v,M«^\  is  instantly  ignited  on  coming  in  contact  with  the  atnio>  ' 

(>!^7<  11)0  hntmide,  iodide,  sulphnret,  and  seleniuret  of  calcium,  are  not 
^«uAk^\t  imporianoe  to  require  notice  in  this  work. 
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MAGNESIUM. 

Symbol  Mg  ;  EqtdvaUnt  12.7. 

639.  The  galvanic  researches  of  Davy  demonstrated  the 
Existence  of  magnesium,  though  he  obtained  it  in  a  quantity 
^oo  minute  for  determining  its  properties. 

It  has  since  been  prepared  in  greater  quantity  by  the  action 
>f  potassium  on  the  chloride  of  magnesium.  For  this  purpose 
I.  few  small  pieces  are  put  into  a  bent  glass  tube  or  very  small 
^ort,  and  covered  with  fragments  of  the  chloride  of  magne- 
BiunL  The  heat  of  a  spirit  lamp  is  then  applied ;  and  the  vapor 
^  potassium  coming  in  contact  with  the  heated  chloride,  pro- 
luces  vivid  incandescence  by  the  transfer  of  the  chlorine  from 
Jke  magnesium  to  the  potassium.  The  chloride  of  potassium 
ind  undecomposed  chloride  of  magnesium,  are  washed  out 
vrith  water,  and  metallic  magnesium  subsides. 

Magnesium  has  a  brilliant  metallic  lustre,  and  a  white  color 
like  silver,  is  very  malleable,  and  fuses  at  a  red  heat  Moist 
air  oxydizes  it  superficially ;  but  it  undergoes  no  change  in  a 
iry  air,  and  may  be  boiled  in  water  without  oxydation.  Heated 
bD  redness  in  air  or  oxygen  gas,  it  bums  with  brilliancy, 
fielding  magnesia ;  and  it  inflames  spontaneously  in  chlorine 
gas.  It  is  readily  dissolved  by  dilute  acids  with  disengage- 
ment of  hydrogen,  and  the  solution  is  found  to  contain  a  pure 
G^t  of  magnesia. 

MAGNESIUM    AND    OXYGEN. 

There  is  known  but  one  oxide  of  magnesium. 

Magnesium,    Oxygen.     Equiv.     Symbol. 
Protoxide  of  magnesium. .  1  eq.  +  1  eq. 20.7 MgO 

640.  Protoxide  of  Magnesium.  —  This  compound,  so  well 
known  by  the  name  of  magnesia,  is  best  obtained  by  exposing 
carbonate  of  magnesia  to  a  very  strong  red  heat,  by  which  its 
carbonic  acid  is  expelled.  It  is  a  white  friable  powder  of  an 
earthy  appearance ;  and,  when  pure,  it  has  neither  taste  nor 
odor.  Its  specific  gravity  is  about  2.3,  and  it  is  exceedingly 
Infusible.  It  has  a  weaker  affinity  than  lime  for  water ;  for 
though  it  forms  a  hydrate  when  moistened,  the  combination  is 
effected  with  hardly  any  disengagement  of  caloric,  and  the 
product  is  readily  decomposed  by  a  red  heat. 

The  hydrate  is  found  native,  usually  crystalized  in  thin 
laminae.  Magnesia  dissolves  very  sparingly  in  water.  It  re- 
quires 5142  times  its  weight  of  water  at  60°,  and  36,000  of 
boiling  water  for  solution.  The  resulting  liquid  does  not 
change  the  color  of  violets ;  but  when  pure  magnesia  is  put 
upon  moistened  turmeric  paper,  it  causes  a  brown  stain.  From 
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this  there  is  no  doubt  that  the  inaction  of  magnesia  with  respect 
to  vegetable  colors,  when  tried  in  the  ordinary  mode,  is  owing 
to  its  iiisolubihty.  It  possesses  the  still  more  essentia]  character 
f>r  ulkaliiiity,  that,  namely,  of  forming  neutral  salts  with  acids 
in  an  eminent  degree. 

G41.  Magnesia  is  characterized  by  the  following  properties. 
AViih  nitric  and  hydrochloric  acids  it  forms  salts  which  are 
soiu!)]e  in  alcohol  and  exceedingly  deliquescent.  The  sulphate 
of  magnesia  is  very  soluble  in  water,  a  circumstance  by  which 
it  is  distinguished  from  the  other  alkaline  earths.  If  moderately 
diluted,  tlie  salts  of  magnesia  are  not  precipitated  by  oxalate 
of  ammonia.  By  means  of  this  reagent,  magnesia  may  be  both 
distinguishtxi  and  separated  from  lime. 

Magnesia  is  quite  infusible  in  the  strongest  heat,  and  com- 
municates tijis  property  to  those  minerals  in  which  it  predom- 
inates, as  talc  and  steatite;  which  are  therefore  often  used 
instead  of  fire-brick  for  lining  furnaces. 

Magnesia  does  not,  like  the  other  alkaline  bases,  absorb  car- 
bonic acid  from  the  atmosphere,  and  but  little  if  any  water. 

Other  binary  compounds  of  magnesium  are  the  chloride, 
iodide,  bromide,  fluoride,  and  sulphuret 


SECTION  IV. 

METALLIC  BASES  OF  THE  EARTHS. 
ALUMINUM.* 

Symbol  Al;  Equivalent  13.7. 

G42.  That  alumina  is  an  oxydized  body  was  proved  by  Davyi 
who  found  that  potassa  is  generated  when  the  vapor  of  potas- 
sium is  brought  into  contact  with  pure  alumina  heated  to 
whiteness;  and  its  metallic  base  aluminum  has  since  been 
obtained  in  a  separate  state. 

The  preparation  of  this  metal  depends  on  the  property  which 
potassium  possesses  of  decomposing  the  chloride  of  aluminum. 
Decomposition  is  effected  by  aid  of  a  moderate  increase  of 
temperature ;  but  the  action  is  violent,  accompanied  with  intense 
heat. 

Platinum,  or,  which  is  better,  porcelain  crucibles,  should 
therefore  be  always  used;  and  the  potassium  should  be  free 
from  carbon. 

When  quite  cold,  the  crucible  is  put  into  a  large  glass  full  of 
water,  in  which  the  saline  matter  is  dissolved,  and  a  grey  pow- 

*  This  word  is  uniformly  written  aluminum  instead  of  aluminium,  on  the 
authority  of  Thomson,  Donovan,  Beck,  Kane»  and  others. 
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der  separates,  which,  on  close  inspection,  especially  in  sun- 
shine, is  found  to  consist  solely  of  minute  scales  of  metal. 
These  scales,  after  being  well  washed  with  cold  water,  are  pure 
aluminum. 

Aluminum,  as  thus  formed,  is  generally  in  small  scales  or 
spangles  of  a  metallic  lustre;  but  sometimes  small,  slightly 
coherent,  spongy  masses  are  observed,  which  in  some  places 
have  the  lustre  and  white  color  of  tin. 

When  fused,  which  requires  a  very  high  temperature,  it  is  a 
conductor  of  electricity,  but  not  in  a  state  of  powder,  as  it  is 
first  formed. 

Heated  to  redness  in  the  open  air,  it  readily  takes  fire,  and 
burns  with  a  vivid  light,  and  in  oxygen  gas  it  burns  with  still 
greater  brilliancy  ;  so  much  heat  is  evolved  that  the  resulting 
alumina  is  partially  vitrified,  and  equal  in  hardness  to  the  native 
crystalized  aluminous  earth,  corundum. 

Water,  at  ordinary  temperatures,  produces  no  effect  upon  it, 
bat  slight  oxydation  takes  place  when  it  is  heated  nearly  to  the 
boiling  point.    None  of  the  acids  act  upon  it  when  cold. 

ALUMINUM    AND    OXYGEN. 

Aluminum  combines  with  oxygen  in  single  proportion  only, 
as  follows : 

Aluminum,  Oxygen.     Equiv.     Symbol. 
Sesquioxide  of  aluminum. .  .2  eq.  +  3  eq 51.4. . .  AI2O3 

643.  Sesquioxide  of  Aluminum. — This  compound  is  well  known 
under  the  name  of  alumina  or  aluminous  earth.  It  is  one  of 
the  most  abundant  productions  of  nature.  It  is  found  in  every 
region  of  the  globe,  and  in  rocks  of  all  ages,  being  a  constituent 
of  the  oldest  primary  mountains,  of  the  secondary  strata,  and 
of  the  most  recent  alluvial  depositions.  The  different  kinds  of 
clay,  of  which  bricks,  pipes,  and  earthenware  are  made,  con- 
sist of  hydrate  of  alumina  in  a  greater  or  less  degree  of  purity. 
Though  this  earth  commonly  appears  in  rude  amorphous 
masses,  it  is  sometimes  found  beautifully  crystalized.  The 
ruby  and  the  sapphire,  two  of  the  most  beautiful  gems  with 
which  we  are  acquainted,  are  composed  almost  solely  of 
alumina. 

Pure  alumina  is  prepared  from  alum,  sulphate  of  alumina 
and  potassa.  Any  quantity  of  alum  is  dissolved  in  four  or  five 
times  its  weight  of  boiling  water,  a  slight  excess  of  carbonate 
of  potassa  added,  and  after  digesting  for  a  few  minutes,  the 
bulky  hydrate  of  alumina  is  collected  on  a  filter,  and  well 
washed  with  hot  water. 

The  alum  of  commerce  is  not  pure,  being  usually  contami- 
nated with  peroxide  of  iron,  and  consequently  unfit  for  many 
chemical  purposes;  but  it  may  be  separated  from  this  impurity 
by  repeated  crystalization.    Its  absence  is  proved  by  \.\\^  ^J^wxa 
22 
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being  soluble  without  residue  in  a  solution  of  pure  potassa ; 
whereas,  when  peroxide  of  iron  is  present,  it  is  either  left  un- 
dissolved in  the  first  instance,  or  deposited  after  a  few  hours 
in  yellowish-brown  flocks. 

Another  process  which  has  been  proposed  for  procuring 
alumina,  is  to  expose  sulphate  of  alumina  and  ammonia-  to  a 
strong  heat,  to  expel  the  ammonia  and  sulphuric  acid. 

644.  Alumina  has  neither  taste  nor  smell,  and  is  quite  insolu- 
ble in  water.  It  is  very  infusible,  though  less  so  than  lime  or 
magnesia.  It  has  a  powerful  affinity  for  water,  attracting 
moisture  from  the  atmosphere  with  avidity;  and  for  a  like 
reason,  it  adheres  tenaciously  to  the  tongue,  when  applied  to  it. 
Mixed  with  a  due  proportion  of  water,  it  yields  a  soft  cohesive 
mass,  susceptible  of  being  moulded  into  regular  forms,  a  pro- 
perty upon  which  depends  its  employment  in  the  art  of  pottery. 
When  once  moistened  it  cannot  be  rendered  anhydrous,  except 
by  exposure  to  a  full  white  heat ;  and  in  proportion  as  it  parts 
with  water,  its  volume  diminishes. 

Alumina,  owing  to  its  insolubility,  does  not  affect  the  blue 
color  of  plants.  It  appears  to  possess  the  properties  both  of 
an  acid  and  of  an  alkali: — of  an  acid,  by  uniting  with  alkaline 
bases,  such  as  potassa,  lime,  and  baryta ;  and  of  an  alkali,  by 
forming  salts  with  acids.  In  neither  case,  however,  are  its 
insoluble  compounds  neutral  with  respect  to  test  paper.  It 
forms  with  water  several  different  compounds. 

This  earth  is  remarkable  for  its  tendency  to  unite  with 
organic  substances.  If  a  cotton  cloth  is  immersed  in  a  solution 
of  acetate  of  alumina,  the  earth  will  deposite  itself  completely 
on  the  fibres  of  the  cotton  and  leave  the  acetic  acid  free.  On 
this  principle  depend  some  of  the  most  important  processes  in 
calico-printing. 

Alumina  is  easily  recognized  by  the  following  characters. 
1.  It  is  separated  from  acids,  as  a  hydrate,  by  all  the  alkaline 
carbonates,  and  by  pure  ammonia.  2.  It  is  precipitated  by 
pure  potassa  or  soda,  but  the  precipitate  is  completely  redis- 
solved  by  an  excess  of  the  alkali 

Alumina  is  considered  a  sesquioxide  of  aluminum,  but  there 
is  some  difficulty  in  determining  the  question,  as  the  metal  is 
not  known  to  combine  with  any  substance  in  more  than  one 
proportion. 

Aluminum  unites  also  with  chlorine,  sulphur,  phosphorus, 
and  selenium ;  and  it  is  a  little  remarkable  that  with  all  it  forms 
sesqui  compounds ! 
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GLUCINUM. 

Symbol  G;  Equivalent  26.5. 

645.  Glucina,  which  was  discovered  by  Vaaquelin  in  the  year  1798,  has 
hitherto  been  found  only  in  three  rare  minerals,  the  euclase,  beryl,  and 
emerald.  From  this  earth  metallic  glucinum  is  prepared,  by  a  process 
similar  to  that  for  obtaining  metallic  aluminum. 

646.  Sesquioxide  of  Glucinum. — This  oxide  is  commonly  prepared  from 
beryl,  in  which  it  exists,  to  the  extent  of  about  14  per  cent,  combined  with 
silicic  acid  and  alumina.  It  is  a  white  powder,  and  receives  its  name, 
glucina^  (from  yXutru;,  aweet^  from  the  fact  that  its  salts  possess  a  distinct 
sweetish  taste.  It  is  distinguished  from  alumina,  which  it  much  resembles, 
by  being  completely  soluble  in  solution  of  carbonate  of  ammonia. 


YTTRIUM. 

Symbol  Y;  Equivalent  32.2. 

647.  Yttrium  is  the  metallic  base  of  an  earth  which  was  discovered  by 
Professor  Gadolin,  at  Ytterby,  in  Sweden,  in  the  year  1794.  The  earth 
was  therefore  called  yttria.  The  mineral  from  which  it  is  obtained  is 
called  gadolinite,  in  honor  of  the  discoverer. 

Yttria  is  considered  a  protoxide  of  the  metal. 


THORIUM 

Symbol  Th ;  Equivalent  59.6. 

648.  Thorium  is  the  metallic  base  of  an  earth  called  thorina^  or  some- 
times thoria.  It  was  discovered  by  Berzelius,  in  1 828.  It  is  obtained  from 
a  mineral  found  in  Norway,  called  thorite. 

The  earth  thorina,  or  thoria,  is  found  only  in  minute  quantities,  but  is 
well  distinguished  from  other  substances.     It  is  considered  a  protoxide. 


ZIRCONIUM. 

Symbol  Zr ;  Equivalent  33.7. 

649.  This  metal  was  first  obtained  by  Berzelius,  in  1824,  by  heating, 
with  a  spirit-lamp,  a  mixture  of  potassium  and  the  double  fluoride  of  zirco- 
nium and  potassium,  carefully  dried,  in  a  tube  of  glass  or  iron.  The  reduc- 
tion takes  place,  at  a  temperature  below  redness,  without  emission  of 
light ;  and  the  mass  is  washed  with  boiling  water,  and  afterwards  digested 
for  some  time  in  dilute  hydrochloric  acid.     The  residue  is  pure  zirconium. 

Zirconium,  thus  obtained,  is  in  the  form  of  a  black  powder,  which  may 
be  boiled  in  water  without  being  oxydized,  and  is  attacked  with  difficulty 
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by  sulphuric,  hydrochloric,  or  nitrohydrochloric  acid ;  but  it  is  dissolved 
readily,  and  with  disengagement  of  tiydrogen  gas,  by  hydrofluoric  acid. 
Ucnted  in  the  o]M.'n  air,  it  takes  fire  at  a  temperature  far  below  luminous* 
nt'HK,  burns  hri^rlitly,  and  is  converted  into  zirconia.  Its  metallic  nature 
sct-niH  soinewhut  questionable.  It  may  indeed  be  pressed  out  into  thin 
sliining  kcuIcs  of  a  dark  grey  color,  and  of  a  lustre  which  may  be  called 
metallic;  but  its  particles  cohere  together  very  feebly,  and  it  has  not  been 
procured  in  a  ntate  capable  of  conducting  electricity.  These  points,  how- 
ever, re(]uirc  further  investigation  before  a  decisive  opinion  on  the  subject 
can  be  adopted. 

G50.  Oxide  of  zirconium,  or  zirconia,  was  first  obtained  in  the  year 
17d9,  from  a  mineral  found  in  Ceylon,  called  jargon,  or  zircon.  Hence  its 
name. 

Crystals  of  zirconia  are  now  found  in  different  parts  of  our  own  country, 
in  Buncombe  County,  N.  C,  at  Easton,  Pa.,  and  in  Munroe  and  Haddam, 
in  the  btatc  of  Connecticut 


SECTION  V. 

METALS   WHICH    DECOMPOSE   WATER  AT   A   RED   HEAT. 

MANGANESE. 

Symbol  Mn ,  Equivalent  27.7. 

651.  This  metal,  owing  doubtless  to  its  strong  affinity  for 
oxygen,  has  never  been  found  in  an  uncombined  state  in  the 
earth ;  but  its  oxides  are  very  generally  diffused  though  not 
very  abundant.  The  metal  may  be  obtained  by  forming  finely 
powdered  oxide  of  manganese  into  a  paste  with  oil,  laying  the 
mass  in  a  Hessian  crucible  lined  with  charcoal,  luting  down  a 
cover  carefully,  and  exposing  it  during  an  hour  and  a  half  or 
two  hours  to  the  strongest  heat  of  a  smith's  forge.  But  the 
experiment  is  one  of  considerable  difficulty.  Its  name  is  a 
modification  of  magnesia,  its  native  peroxide  having  formerly 
been  called  magnesia  nigra. 

652.  Manganese  is  a  hard,  brittle  metal,  of  a  greyish  white 
color,  and  granular  texture.  Its  specific  gravity  is  8.01.  It  is 
exceedingly  infusible,  requiring  the  highest  heat  of  a  wind 
furnace  for  fusion.  It  soon  tarnishes  on  exposure  to  the  air, 
and  absorbs  oxygen  with  rapidity  when  heated  to  redness  in 
open  vessels.    It  slowly  decomposes  water  at  common  tem- 

Eeratures  with  disengagement  of  hydrogen  gas ;  but  at  a  red 
eat  decomposition  is  rapid,  and  protoxide  of  manganese  is 
generated.  Decomposition  of  water  is  likewise  occasioned  by 
dilute  sulphuric  acid,  and  sulphate  of  protoxide  of  manganese 
is  the  product. 
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MANGANESE    AND    OXYGEN. 

Many  distinguished  chemists  have  expended  much  labor  in 
investigating  the  oxides  of  manganese,  which  they  have  found 
a  subject  of  considerable  difficulty.  The  following  distinct 
compounds  are,  however,  generally  recognized  at  the  present 
time. 

Manganese.  Oxygen.      Equiv,    Symbols. 

Protoxide 1  eq.  +  1  eq 35.7.  .MnO 

Sesquioxide 2  eq.  -f  3  eq 79.4 .  .MnaOg 

peroxide 1  eq.  +  2  eq 43.7 .  .MnOg 

Red  oxide 3  eq.  -f  4  eq 115.1.. Mn304 

Varvicite 4  eq.  +  7  eq 166.8.  .Mn407 

Manganic  acid 1  eq.  -f  4  eq 51.7 .  .MnOg 

Permanganic  acid 2  eq.  -f  7  eq 111.4.  .MnaO^ 

In  studying  metallic  oxides,  it  is  necessary  to  distinguish 
oxides  formed  by  the  direct  union  of  oxygen  and  a  metal,  from 
those  that  consist  of  two  other  oxides  united  with  each  other, 
and  which,  therefore,  in  composition,  partake  of  the  nature  of 
a  salt  rather  than  of  an  oxide.  An  instance  of  this  kind  of 
combination  is  supplied  by  the  black  oxide  of  iron  ;  and  it  is 
probable  that  two,  if  not  three,  of  the  five  compounds  enu- 
merated as  oxides  of  manganese,  have  a  similar  constitution. 
Thus,  the  red  oxide  may  be  composed  of  one  equivalent  of  the 
protoxide  combined  with  one  equivalent  of  the  sesquioxide. 

653.  Protoocide  of  Manganese. — By  this  term  is  meant  that 
oxide  of  manganese  which  is  a  strong  salifiable  base,  is  con- 
tained in  all  the  ordinary  salts  of  this  metal,  and  which  appears 
to  be  its  lowest  degree  of  oxydation.  This  oxide  may  be 
formed  by  exposing  the  peroxide,  sesquioxide,  or  red  oxide 
of  manganese,  to  the  combined  agency  of  charcoal  and  a  white 
heat. 

It  may  also  be  prepared  by  passing  a  current  of  hydrogen 
over  either  of  the  other  oxides,  heated  to  redness  in  a  porce- 
lain tube ;  or  by  fusing  the  chloride  of  manganese  in  a  platinum 
crucible,  with  about  twice  its  weight  of  carbonate  of  soda,  and 
afterwards  dissolving  the  chloride  of  sodium  by  water. 

654.  Protoxide  of  manganese,  when  pure,  is  of  a  light  green 
color,  very  near  the  mountain  green.  Some  experimenters 
have  observed  it  attract  oxygen  very  rapidly  from  the  atmo- 
sphere, and  pass  into  the  peroxide ;  but  as  prepared  by  others, 
it  has  remained  quite  permanent,  undergoing  little  change  for 
many  days.  This  difference  is  probably  to  be  attributed  to  the 
different  methods  of  preparing  it.  At  600^  it  is  oxydized  with 
considerable  rapidity,  and  at  a  low  red  heat  is  converted  in  an 
instant  into  red  oxide.  It  sometimes  takes  fire  when  thus 
heated,  especially  when  the  mass  is  considerable. 

655.  Sesquioxide  of  Manganese.—This  oxide  occurs  nearly 
22* 
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mtre  tn  nature,  and  as  a  liydrate  it  is  found  abundantly,  olU^H 
n  largr  prismatic  crystals.  It  may  be  formed  artificially  i^H 
ntpoang  peroxide  of  manganese  Tor  a  considerable  time  V>^M 
— '-- »!•  red  heat,  and,  therrfore,  is  ttie  chief  residue  of  on^| 
«  (SU)  for  procuring  a  supply  of  oxygen  gas ;  but  it  ^H 
k  GO  to  rf^ulate  the  degree  and  duration  ofthe  heat,  th^l 
Um  resulting  oxide  shall  be  quito  pure.  ^H 

TbF  color  of  the  aesquioxide  of  manganese  varies  with  tt^| 
aoartx  Erom  which  it  is  derived.  Tltat  which  is  procured  ^J 
nrnuM  of  beat  from  the  native  peroxide  or  hydrated  sesquioxl^H 
i*a  a  btxtWD  tint;  but  when  prepared  from  nitrate  of  oxide  ^H 
mongaane,  it  is  nearly  as  blacic  as  the  peroxide,  and  tlie  nati^H 
aC8i|uioxide  is  of  the  same  color.  Prom  the  proportion  ^H 
oxygen  and  man^'anese  in  this  oxide,  it  may  be  regarded  as^| 
compound  of  one  equivalent  of  the  protoxide,  and  one  equiv^H 
tent  of  the  peroxide.  ^M 

This  oxide  has  theproperty  of  staining  giasa  purple  or  viai|^| 
li>r  whldi  purpoae  it  is  sometimes  used.  By  this  charadeT^I 
wry  smaQ  trace  of  manganese  can  be  detected  1>y  fusing  t^H 
jubstanre  supposed  to  contain  it  in  the  oxydizing  flame  M(ll^| 
btovpipe.  -^P 

Ptrvridt  of  Manganete. — This  is  the  well-ltnown  ore  coBfW 
OKKily  called,  from  its  color,  black  o3Hde  of  manganese.  XW 
generaQy  occurs  massive,  of  an  earthy  appearance,  and  mixo^ 
with  other  substances,  such  as  siliceous  and  aluminous  earlt^B 
oxide  of  iron,  and  carbonate  of  lime.  It  is  sonjetimes  foiU^| 
ott  IIk  contrary,  in  the  form  of  minute  prisms  grouped  togetb^H 
Bod  nidiatins  from  a  common  centre.  In  these  states  it  is  an^H 
drous;  but  the  essential  ingredient  of  one  variety  of  the  earMH 
mineral,  called  tcad,  is  hydrated  pero^ride  of  manganese,  d^^ 
BiaUng  of  one  equivalent  of  water  and  two  of  the  oxide.  1 

Peroxide  of  manganese  undergoes  no  change  on  exposutt  I 
lo  tlie  air.  it  is  insoluble  in  water,  and  does  not  unite  eiliier  I 
with  acids  or  allialies.  When  boiled  with  sulphuric  acid  il  J 
yields  oxygen  gas,  and  a  sulphate  of  the  protoxide  is  formejj 
(364),  With  hydrochloric  acid,  chloride  of  manganese  wt 
generated,  and  chlorine  is  evolved  (531).  The  action  (M 
sul[diuric  acid  in  the  cold  is  exceedingly  tardy  and  feeble.  W 
Diinute  quantity  of  oxygen  gas  is  slowly  disengaged,  and  BbI 
acid  acquires  an  amethyst-red  tint.  Un  exposure  to  a  mH 
beat,  il  is  converted,  with  evolution  of  oxygen  gas,  into  ^H 
sesquioxide  of  manganese  (364).  ^H 

•  Peroxide  of  manganese  is  employed  in  the  arts,  in  the  niai^| 
fiKtnre  of  glass,  and  in  preparing  chlorine  for  bleaching.  ^M 
Ihe  laboratory  it  is  used  for  procuring  chlorine  and  oxyg^fl 
gases,  and  in  the  preparation  ofthe  salts  of  manganese.  fl 

Th9  appearance  of  the  sesquioxide  of  manganese  so  neaijfl 
resembles  that  of  the  peroxide,  that  the  former  is  often  trauftS 
lently  sold  for  the  latter.    The  sesquioxide  of  course  yieldfl 
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inly  half  as  much  oxygen ;  and  though  it  may  be  used  in  pre- 
paring chlorine,  it  will  not  yield  any  oxygen  by  the  application 
►f  heat  alone. 

656.  Red  Oxide  of  Manganese. — The  substance  called  red 
>xide  of  manganese,  oxidum-manganoso-manganicum  of  Arfwed- 
»n,  occurs  as  a  natural  production,  and  may  be  formed  artifi- 
daily  by  exposing  the  peroxide  or  sesquioxide  to  a  white  heat, 
t  may  also  be  formed  artificially  by  other  means. 

This  compound  (as  well  as  the  protoxide  and  varvicite,) 
thould  perhaps  rather  be  considered  as  a  salt  than  an  oxide 
299).  It  may  be  composed  either  of  1  eq.  of  the  sesquioxide 
ind  1  eq.  of  the  protoxide,  or  1  eq.  of  the  peroxide  united  to  2 
}q.  of  the  protoxide.  Thus  Mn^03+MnO=Mn304  and  2MnO 
f-Mn02=Mn304. 

657.  Varvicite. — This  compound  is  known  only  as  a  natural  production, 
laving  been  first  noticed  a  few  years  ago  among  some  ores  of  manganese 
ixind  at  Hartshill,  in  Warwickshire,  Eng.  The  locality  of  the  mineral 
Qggested  its  name.  It  is  probably  a  compound  of  two  equivalents  of  the 
eroxide,  and  one  equivalent  of  the  sesquioxide.  Thus  2MnOa  4"  Mn  3O3  = 
€0407. 

658.  Manganic  Acid. — When  equal  weights  of  peroxide  of  manganese 
Dd  carbonate  or  nitrate  of  potassa  are  intimately  mixed  and  heated  to  red- 
ess,  oxygen  is  absorbed  by  the  manganese,  and  manganic  acid  is  formed, 
rhich  by  its  union  with  the  potassa  produces  manganate  of  potassa.  This 
ompound,  jvhich  is  of  a  dark  green  color,  has  long  been  known  by  the 
ame  of  mineral  chameleonj  from  the  property  of  its  solution  to  pass  rapidly 
irough  several  shades  of  color.  On  the  first  addition  of  cold  water,  a  green 
olution  is  formed,  which  soon  becomes  blue,  purple,  and  red ;  and  ulti- 
lately  a  brown  flocculent  matter,  hydrated  peroxide  of  manganese,  sub- 
ides,  and  the  liquid  becomes  colorless. 

These  phenomena  are  owing  to  the  formation  of  manganate  of  potassa 
^hlch  is  green,  and  its  ready  conversion  into  the  red  permanganate  of  po- 
issa — the  blue  and  purple  tints  being  due  to  a  mixture  of  these  compounds. 
fanganic  acid  itself  cannot  be  obtained  in  an  uncombined  state,  because  it 
i  then  resolved  into  the  hydrated  peroxide  and  oxygen. 

Manganate  of  potassa  may  be  obtained  in  crystals  from  solution  of 
aineral  chameleon,  but  the  process  requires  great  care. 

659.  Permanganic  Acid. — This  acid  is  more  stable  than  the  manganic, 
hough  itself  very  prone  to  decomposition.  Contact  with  paper  or  linen  as 
a  filtering,  particles  of  cork,  organic  particles  floating  in  the  atmosphere 
iecompose  it  rapidly ;  coloring  matters  are  bleached  by  it,  and  in  pure 
rater  its  decomposition  begins  at  86^,  and  is  complete  at  212°. 

The  salts  of  permanganic  acid  are  more  permanent  than  the  .free  acid ; 
o  that  most  of  them  may  be  boiled  in  solution,  especially  if  concentrated, 
'ermanganatc  of  potassa  is  obtained  by  heating  a  green  solution  of  mineral 
ihamelcon,  and  by  other  processes. 

The  salts  formed  by  this  acid  contain  so  much  oxygen,  and  yield  it  so 
"eadily,  that  they  deflagrate  like  nitre  with  burning  charcoal,  and  detonate 
wwerfuUy  with  phosphorus. 

For  a  description  of  the  chlorides,  iodide,  fluoride,  phosphuret,  and  suU 
>haret  of  manganese,  see  other  more  extended  works  on  chemistry. 
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061.  Iran  has  been  found  native  in  Guilford  County,  Nob 
CkfoSna.  and  in  Canaati,  Connecticut,  and  also  in  Russia,  M 
oaljr  Ul  ■ml  quantitifSu  The  occurrence  of  iron  of  meteo ' 
origts,  aaociated  wiih  nickel  and  often  wicli  cobalt,  is,  be 
erer,  rerj  cotniiton.  Masses  of  this  character  otten  of  ^ 
I  amaAvoof,  called  areoHtet,  have  been  seen  to  fall  bomM 

'  ii0i  regtcHU  of  tii*:  otiaoephere,  apparently  in  a  state  of  ym 

I  Ipijtkio  or  cotnbiistiaa.  Their  course  is  always  much  iaclH 

to  tht  ttomon.  and  ttrfore  striking  the  surface  they  often  bC 
iMa  &«finents.  which  bury  themselves  deep  in  the  soil. 
lotsUljr  on  Ibe  earth  affords  such  compounds  of  u 
•Bd  oUter  substances,  the  only  theory  which  can  explain  it. 
0000  b.  thai  they  have  been  violently  expelled  from  the  11 
cuMts  which  are  known  to  exist  on  the  surface  of  the  mq' 
and  Uui.  passing  beyond  the  limits  of  her  attraction,  i 
coBdu:  wiihin  IImI  <rf  the  earth,  they  are  thus  brought  tefl 
surbe^.t 

IncMntunation  with  oxygenandsulphur,andot  her  elemeit 
calKUuKvs.  iroD  is  abundanti  being  contained  in  animals  i 
rluit^  and  being  diflused  so  generally  in  tlie  earth,  that  t^ 
are  few  mineral  substances  in  which  its  presence  may  aota 
dftfcted.  Minerals  which  ronlain  iron  in  such  form,  andV 
s»rb  guantiiy.  as  to  be  employed  in  the  preparation  of  <bf 
nwtal,  are  called  ora  of  iron,  of  which  mineralogiata  bare 
described  no  less  than  forty-seven  dilTerent  species.  But  the 
>wina  are  the  only  ones  used  to  any  extent  for  (he  extnu}- 
of  the  metal: 

red  oxides  of  iron,  included  under  the  name  of  red 
itilp;  th*  brown  hematite  of  mincralo^sls,  consisting  of 
Mod  peroxide  of  iron :  the  black  oiride,  or  magnetic  iron 
i;  and  carbonnle  of  protoxide  of  iron,  eiiher  pure,  or  in  the 
I  of  clay  iron  ore,  when  it  is  mixed  with  siliceous,  aluniln-  1 
Mid  ciuter  foreign  substances.     The  three  former  dccuj:  I 


Rfl'.  of  nckal.  ■ 


ii.5;  Nur 


IRON.  261 

most  abundantly  in  primary  districts,  and  supply  the  ^nest 
kinds  of  iron,  as  those  of  Sweden  and  India;  while  clay-iron 
stone,  from  which  most  of  the  Elnglish  iron  is  extracted,  occurs 
In  secondary  deposites,  and  chiefly  in  the  coal  formation. 

Most  American  iron  is  extracted,  it  is  believed,  from  the 
brown  hematite  and  the  protoxide ;  but  the  red  hematite  and 
carbonate,  called  also  spathic  iron  and  steel  ore,  are  also  used 
to  some  extent 

662.  The  extraction  of  iron  from  its  ores  is  effected  by 
exposing  the  ore,  previously  roasted  and  reduced  to  a  coarse 
powder,  to  the  action  of  charcoal  or  coke,  and  lime,  at  a  high 
temperature.    The  action  of  carbonaceous  matter,  in  depriving 
the  ore  of  its  oxygen,  is  obvious ;  and  the  lime  plays  a  part 
equally  important.    It  zicts  as  a  flux  by  combining  with  all  the 
impurities  of  the  ore,  and  forming  a  fusible  compound  called  a 
tloff.   The  whole  mass  being  thus  in  a  fused  ^ate,  the  particles 
of  reduced  metal  descend  by  reason  of  their  greater  density, 
snd  collect  at  the  bottom;  while  the  slag  forms  a  stratum 
above,  protecting  the  melted  metal  from  the  action  of  the  air. 
The  latter,  as  it  collects,  runs  out  at  an  aperture  in  the  side  of 
the  furnace;  and  the  fused  iron  is  let  off  by  a  hole  in  the 
bottom,  which  was  previously  filled  with  sand.    The  process 
is  never  successful  unless  the  flux,  together  with  the  impurities 
of  the  ore,  is  in  such  proportion  as  to  constitute  a  fusible  com- 
pound.    The  mode  of  accomplishing  this  object  is  learned  only 
by  experience ;  and  as  different  ores  commonly  differ  in  the 
nature  or  quantity  of  their  impurities,  the  workman  is  obliged 
to  vary  his  flux  according  to  the  composition  of  the  ore  with 
Vhich  he  operates.    Thus  if  the  ore  is  deficient  in  siliceous 
matter,  sand  must  be  added ;  and  if  it  contain  a  large  quantity 
of  lime,  proportionally  less  of  that  earth  will   be  required. 
Much  is  often  accomplished  by  the  admixture  of  different  ores 
with  each  other.    The  slag  consists  of  a  compound  of  earthy 
salts,  similar  to  some  siliceous  minerals,  in  which  silicic  acid  is 
combined  with  lime,  alumina,  magnesia,  protoxide  of  manga- 
nese, and  sometimes  oxide  of  iron.     The  most  usual  combina- 
tion is  bisilicate  of  lime  and  magnesia,  sometimes  with  a  little 
protoxide  of  iron ;   a  compound  which  may  be  obtained  in 
crystals,  having  the  precise  form  and  composition  of  pyroxene. 
Artificial  minerals  may,  in  fact,  by  such  processes,  be  procured, 
similar  in  form  and  composition  to  those  which  occur  in  the 
earth. 

663.  The  iron  obtained  by  this  process  is  the  cast-iron  of 
commerce,  and  contains  a  considerable  quantity  of  carbon, 
unreduced  ore,  and  earthy  substances.  It  is  converted  into 
soft  or  malleable  iron,  by  exposure  to  a  strong  heat,  while  a 
current  of  air  plays  upon  its  surface,  or  is  forced  through  it 
By  this  means  any  undecomposed  ore  is  reduced,  earthy  impu- 
rities rise  to  the  surface,  as  slag,  and  carbonaceous  matter  is 
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burned.    The  exposed  iron  is  also  more  or  less  oxydizedrt 
surface,  and  the  resulting  oxide,  being  stirred  with  the  ft 
metal  below,  facilitates  the  oxydation  of  the  carbon.   As 
purity  of  the  iron  increases,  its  fusibility  diminishes,  until 
length  it  begins  to  tcork  heavy ^  as  the  workmen  term  it;  i 
though  the  temperature  is  kept  the  same,  or  is  even  raised, 
iron  becomes  solid.    It  is  then  subjected,  while  still  hot,  to 
operation  of  rolling  or  hammering,  by  which  its  particles 
approximated,  and  its  tenacity  greatly  increased.    It  is ' 
the  malleable  iron  of  commerce.    It  is  not,  however,  absol 
pure ;  for  Berzelius  has  detected  in  it  about  one-half  per 
of  carbon,  and  it  likewise  contains  traces  of  silicon.    Thectf- 
bonaceous  matter  may  be  removed  by  mixing  iron  filings  r* 
a  quarter  of  its  weight  of  black  oxide  of  iron,  and  fusing 
mixture,  confined  in  a  covered  Hessian  crucible,  by  means 
a  blast  furnace.    A  little  powdered  green  glass  should  be  " 
on  the  mixture,  in  order  that  the  iron  may  be  completely  pn^^ 
tected  from  the  air  by  a  covering  of  melted  glass,  and  any  ume* 
duced  oxide  dissolved.    But  the  best  and  readiest  mode  of  pt* 
curing  iron  in  a  state  of  perfect  purity,  is  by  transmittiD|| 
hydrogen  gas  over  the  pure  oxide  heated  to  redness  in  »" 
tube  of  porcelain.    The  oxygen  of  the  oxide  unites  wil| 
hydrogen,  and  the  metal  is  left  in  the  form  of  a  porous  spongf 
mass. 

Owing  probably  to  the  extremely  divided  and  expanded  state 
of  the  metallic  iron  when  reduced  in  this  manner,  it  dto 
takes  fire  spontaneously,  and  the  oxide  is  instantly  reproduce!  |ii 
This,  however,  is  observed  only  when  the  reduction  is  effected 
at  a  temperature  below  redness,  and  not  when  the  heat  is 
raised  so  as  to  produce  partial  fiision  and  of  course  greater 
compactness. 

664.  Iron  has  a  peculiar  grey  color,  and  strong  metallic  lus- 
tre, which  is  susceptible  of  being  heightened  by  polishing.  In 
ductility  and  malleability  it  is  inferior  to  several  metals,  but 
exceeds  them  all  in  tenacity  (579).  At  common  temperatures 
it  is  very  hard  and  unyielding,  and  its  hardness  may  be 
increased  by  being  heated  and  then  suddenly  cooled ;  but  it  is 
at  the  same  time  rendered  brittle.  When  heated  to  redness  it 
is  remarkably  soft  and  pliable,  so  that  it  may  be  beaten  into 
any  form,  or  be  intimately  incorporated  or  welded  with  another 
piece  of  red-hot  iron,  by  hammering.  Its  texture  is  fibrous. 
Its  specific  gravity  may  be  estimated  at  7.7;  but  it  varies 
slightly,  according  to  the  degree  with  which  it  has  been  rolled, 
hammered,  or  drawn,  and  it  is  increased  by  fusion.  In  its  pure 
state  it  is  exceedingly  infusible,  requiring  for  fusion  the  highest 
temperature  of  a  wind-furnace.  It  is  attracted  by  the  magnet, 
and  may  itself  be  rendered  permanently  magnetic  by  several 
processes; — a  property  of  great  interest  and  importance,  and 
which  is  possessed  by  no  other  metal  excepting  nickel.    And 
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t  possesses  the  property  in  a  degree  much  inferior  to  that  of 

^on,  in  its  ordinary  state,  has  a  strong  affinity  for  oxygen, 
a  perfectly  dry  atmosphere  it  undergoes  no  change ;  biit 
^n  moisture  is  likewise  present,  its  oxydation,  or  rusting;  is 
?8d.  At  first,  protoxide  of  iron  is  formed,  which  soon  absorbs 
^boDic  acid  from  the  atmosphere ;  but  this  gradually  passes 

0  hydrated  peroxide,  the  carbonic  acid  being  evolved.  Rust 
iron  always  contains  ammonia,  which  is  also  often  found  in 
f  native  oxides  of  iron,  indicating  the  decomposition  of  water 
ing  their  formation. 

Feated  to  redness  in  the  open  air,  iron  absorbs  oxygen 
idly,  and  is  converted  into  black  scales,  called  the  black 
ie  of  iron ;  and  in  an  atmosphere  of  oxygen  gas  it  burns 

1  vivid  scintillations.  It  decomposes  the  vapor  of  water,  by 
ing  with  its  oxygen,  at  all  temperatures,  from  a  dull  red  to 
[lite  heat. 

5.  A  remarkable  property  of  iron,  though  not  peculiar  to  it  alone,  has 
itly  been  diseovered.  It  is  found  that  under  certain  circumstances,  it 
nes  entirely  passive,  as  it  regards  the  action  of  nitric  acid  of  sp.  gravity 
upon  it,  though  ordinarily,  it  would  be  dissolved  by  it  with  great  vio- 
Various  means  have  been  discovered  by  which  it  may  be  rendered 
passive,  as  by  making  it  the  positive  electrode  of  a  galvanic  battery, 
egative  electrode  having  been  previously  introduced  into  the  acid,  by 

contact  of  one  iron  wire  with  another,  or  by  heating  one  end  of  the 
before  introducing  it  into  the  acid.     Nor  is  the  effect  limited  to  nitrio 

but  extends  to  various  saline  solutions  that  usually  act  upon  iron.  The 
tct  has  not  yet  been  sufficiently  investigated  to  lead  to  a  full  explana- 
jf  the  phenomena. 

IRON    AND     OXYGEN. 

here  are  properly  but  two  oxides  of  iron,  the  black  oxide, 
t  is  called,  being  a  definite  compound  of  the  other  two. 

Iron.     Oxygen.      Equiv.     Syfnbols, 

toxide 1  eq.+ 1  eq 36 . . .  .FeO 

[juioxide 2  eq.4-3  eq 80.. .  .FeaOg 

^'^  oxide ;  £SSde?eq.  \  '  lie.-FeO.Fe.O, 

56.  Protoxide  of  Iron. — This  oxide  is  the  base  of  the  native 
Donate  of  iron,  and  of  the  green  vitriol  of  commerce.  Its 
s,  particularly  when  in  solution,  absorb  oxygen  from  the 
Losphere  with  such  rapidity  that  they  may  even  be  employed 
udiometry.  This  protoxide  is  always  formed  with  evolu- 
i  of  hydrogen  gas,  when  metallic  iron  is  put  into  dilute  sul- 
ric  acid ;  and  its  composition  may  be  determined  by  col- 
ing  and  measuring  the  gas  which  is  disengaged.  It  has 
been  obtained  in  a  separate  state, 
rotoxide  of  iron  is  precipitated  from  its  salts  as  a  white 


264  MANUAL    OF    CHEMISTRY. 

hydrate  by  pure  alkalies,  as  a  white  carbonate  by  alkaline  car- 
bonates, and  as  a  white  ferrocyanide  by  ferrocyanide  of  po- 
tassium. The  two  former  precipitates  become  first  green  and 
then  red,  and  the  latter,  green  and  blue,  by  exposure  to  the 
air.    The  solution  of  gall-nuts  produces  no  change  of  color. 

G67.  Sesquioxide  of  Iron, — The  red  or  sesquioxide  of  iron, 
sometimes  also  called  the  peroxide,  is  a  natural  product,  known 
to  mineralogists  under  the  name  of  red  hematite.  It  some- 
times occurs  massive,  at  other  times  fibrous,  and  occasionally 
in  the  form  of  beautiful  rhomboidal  crystals. 

This  oxide  is  not  attracted  by  the  magnet.  Fused  with 
vitreous  substances,  it  communicates  to  them  a  red  or  yellow 
color.  It  combines  with  most  of  the  acids,  forming  salts,  the 
greater  number  of  which  are  red.  Its  presence  may  be  detected 
by  very  decisive  tests.  The  pure  alkalies,  fixed  or  volatile, 
precipitate  it  as  the  hydrate.  The  hydrate  above  mentioned, 
in  its  pulpy  state,  as  first  formed,  is  found  to  be  an  excellent 
remedy  for  arsenious  acid.  With  ferrocyanide  of  potassiam 
it  forms  Prussian  blue,  which  circumstance  affords  a  very 
delicate  test.  Infusion  of  nut-galls  forms  with  it  a  black  pre- 
cipitate, which  is  the  basis  of  black  writing  ink. 

The  polishing  powder,  well  known  in  the  arts  under  the 
name  of  rouge  or  cokothar^  is  sesquioxide  of  iron  prepared  firom 
green  vitriol  by  expelling  its  acid  by  heat. 

G68.  Black  Oxide. — This  substance,  long  regarded  as  the 
protoxide,  is  really  a  compound  of  the  protoxide  and  peroxide. 
It  occurs  native,  frequently  crystalized  in  the  form  of  a  regular 
octahedron ;  and  it  is  not  only  attracted  by  the  magnet,  but  is 
itself  sometimes  magnetic,  and  is  then  called  loadstone.  It  is 
always  formed  when  iron  is  heated  to  redness  in  the  open  air; 
and  is  likewise  generated  by  the  contact  of  watery  vapor  with 
iron  at  elevated  temi)eratures. 

IRON    AND    CHLORINE. 

There  are  two  chlorides  of  iron,  the  protochloride  and  the  sesquichloride, 
composed  as  follows : 

Iron.  Chlorine.       Equiv.     Sfymhols. 

Protochloride 1  eq.  +  1  eq 63.42.. .  .FcCl 

Sesquichloride 2  eq.  +  3  eq 162i26.. .  .FcaCla 

669.  Protochloride  of  Iron. — This  compound  is  formed  by  transoiittiDgr 
dry  hydrochloric  acid  ?a8  over  iron  at  a  red  heat,  or  by  dissolving  iron  in 
dilute  hydrochloric  acid,  evaporating  to  dryness,  and  heating  to  redneai 
without  exposure  to  air. 

Protochloride  of  iron  dissolves  freely  in  water,  yielding  a  pale  green 
Bolution,  from  which  rhomboidal  prisms  of  the  same  color  are  obtained  by 
evaporation. 

670.  Sesquichloride  of  Iron. — The  sesquichloride  of  iron  may  be  formed 
either  by  the  combustion  of  iron  wire,  in  dry  chlorine  gas,  or  by  dissolving 
the  sesquioxide  in  hydrocliloric  acid.    By  evaporation  and  coolixig,  it  may 
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be  obtained  in  red  crystals,  which  are  soluble  in  water  or  alcohol.    This 
chloride  forms  the  basis  of  the  tincture  muriatia  ferri,  used  in  medicine. 

IRON    AND    SULPHUR. 

Iron  and  sulphur  have  a  strong  affinity  for  each  other,  and  form  by  their 
uni<m  the  five  following  compounds : 

Iron,    Sulphur.      Equiv.    Symbols, 

Tetrasulphuret 4  eq.  -f  1  eq 128.2 Fe^S 

Disulphuret 2  eq.  4*  1  eq 72.1 FcgS 

Protosulphuret 1  eq.  -j-  1  eq 44.1 FeS 

Sesquisulphuret .2  eq.  -f*  3  eq 104.3 FcoSs 

Bisulphuret 1  eq.  -j-  2  eq 60.2 FeS^ 

The  chief  object  in  introducing  the  above  table  is  to  keep  before  the 
mind  the  perfect  conformity  of  facts  to  the  laws  of  definite  proportions,  and 
to  illustrate  further  the  principles  of  the  chemical  nomenclature.  The 
student  is  requested  to  mark  the  distinction  between  tetrasulphuret  and  a 
pUidroBulphuret  of  a  base. 

It  should  be  remarked  that  some  consider  the  existence  of  the  first  two 
in  the  above  table  as  problematicaL 

671.  Protosulphuret  of  Iron. — This  sulphuret  of  iron  is  formed  by  beat- 
bg  to  redness,  a  mixture  of  iron  filings  or  turnings  and  sulphur,  in  a 
covered  crucible,  and  raising  the  temperature  after  the  cover  is  removed  so 
«B  to  expel  the  excess  of  sulphur.  It  is  completely  dissolved  by  dilute  sul- 
phuric acid,  with  formation  of  sulphate  of  the  protoxide  of  iron,  and  hydro- 
sulphuric  acid. 

672.  Bisulphuret  of  Iron, — This  is  the  iron  pyrites  of  mineralogists,  and 
exists  in  abundance  in  the  earth.  It  occurs  in  cubes  or  some  allied  form, 
has  a  yellow  color,  metallic  lustre,  and  a  density  of  4.98,  and  is  so  hard  that  it 
strikes  fire  with  steel  Some  varieties  have  a  white  color ;  but  these  usually 
contain  arsenic.  Others  occur  in  rounded  nodules,  have  a  radiated  structure 
divergent  from  a  common  centre,  are  often  found  in  beds  of  clay,  and  are 
much  disposed  by  the  influence  of  air  and  moisture  to  yield  sulphate  of 
oxide  of  iron ;  these  are  suspected  by  Berzelius  to  be  compounds  of  proto< 
sulphuret  and  bisulphuret  of  iron. 

Bisulphuret  of  iron  is  not  attacked  by  any  of  the  acids  except  the  nitric, 
and  its  best  solvent  is  the  nitro-hydrochloric  acid.  Heated  in  close  vessels 
it  gives  off  nearly  half  its  sulphur,  and  is  converted  into  magnetic  iron 
pyrites.     By  heat  and  air  together,  it  yields  peroxide  of  iron. 

This  substance  is  much  used  instead  of  sulphur  in  the  manufacture  of 
sulphuric  acid  (492),  and  for  obtaining  the  sulphur. 

673.  Magnetic  Iron  Pyrites. — This  is  a  natural  product,  termed  magnetic 
pyrites  from  being  attracted  by  the  magnet,  and  was  formerly  regarded  as 
protosulphuret  of  iron ;  but  its  elements  are  in  such  a  ratio,  that  it  may  be 
regarded  as  a  compound  of  bisulphuret  and  protosulphuret  It  is  formed 
by  heating  the  bisulphuret  to  redness  in  close  vessels,  by  fusing  iron  filings 
with  half  their  weight  of  sulphur,  or  by  rubbing  sulphur  upon  a  rod  of  iron 
heated  to  whiteness.  It  is  soluble  in  dilute  sulphuric  acid,  yielding  hydro- 
Bulphuric  acid  gas  and  a  residue  of  sulphur. 

It  is  almost  always  used  in  the  preparation  of  hydrosulphoric  acvd  ^^^ 

23 
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IRON    AND     CARBON. 

674.  Carburets  of  Iron. — Carbon  and  iron  unite  in  vari- 
ous proportions,  but  there  are  three  compounds  very  distinct 
from  each  other — namely,  graphite,  cast  or  pig-iron,  and  steel 

Graphite,  also  known  under  the  name  of  plumbago  andblach 
lead^  occurs  not  unfrequently  as  a  mineral  production.  It  may 
be  made  artificially,  by  exposing  iron,  with  excess  of  charcoal, 
to  a  violent  and  long-continu^  heat;  and  it  is  commonly 
generated  in  small  quantity  during  the  preparation  of  cast-iron. 
Pure  specimens  contain  about  four  or  five  percent,  of  iron,  but 
sometimes  its  quantity  amounts  to  ten  percent.  Most  cheinists 
believe  the  iron  to  be  chemically  united  with  the  charcoal;  but 
according  to  the  researches  of  Karsten,  of  Berlin,  native  gra- 
phite is  only  a  mechanical  mixture  of  charcoal  and  iron,  while 
artificial  graphite  is  a  real  carburet 

Graphite  is  exceedingly  unchangeable  in  the  air,  and  like 
charcoal  is  attacked  with  difficulty  by  chemical  reagents.  It 
may  be  heated  to  any  extent  in  close  vessels  without  change : 
but  if  exposed  at  the  same  time  to  the  air,  its  carbon  is 
entirely  consumed,  and  oxide  of  iron  remains. 

Some  specimens  on  being  consumed  leave  behind  scarcely 
a  trace  of  iron,  confirming  the  opinion  above  expressed  (448),  that 
this  is  not  a  proper  carburet  of  iron,  but  a  peculiar  form  of 
carbon,  usually  containing  a  little  iron,  as  an  accidental  impu- 
rity. In  further  confirmation  of  this  view  of  the  subject,  it  may 
be  contended  that  the  proportion  of  iron  contained  in  it  is  so 
variable  that  it  cannot  be  considered  as  combined  chemically 
with  the  carbon. 

It  has  an  iron-grey  color,  metallic  lustre,  and  granular  tex- 
ture ;  and  it  is  soft  and  unctuous  to  the  touch.  Its  chief  use  is 
in  the  manufacture  of  pencils  and  crucibles;  and  in  burnishing 
iron  to  protect  it  from  rust,  and  as  the  basis  of  a  preparation 
for  lubricating  machinery. 

675  Cast  iron  is  the  product  of  the  process  for  extracting 
iron  from  its  ores,  and  is  commonly  regarded  as  a  real  com- 
pound of  iron  and  charcoal.  It  always  contains  impurities, 
such  as  charcoal,  undecomposed  ore,  and  earthy  matters,  which 
are  often  visible  by  mere  inspection;  and  sometimes  traces  of 
chromium,  manganese,  sulphur,  phosphorus,  and  arsenic  are 
present.  It  fuses  readily  at  2786°,  which  is  a  full  red  heat,  and 
in  cooling,  it  acquires  a  crystaline  granular  texture.  The 
quality  of  different  specimens  is  by  no  means  uniform ;  and  in 
commerce,  it  is  said  three  varieties  are  usually  distinguished 
These  are  No  1,  or  black  cost  iron.  No.  2,  or  mottled  cast  irm^ 
and  ivhite  cast  iron.  This  difference  appears  to  be  owing  to 
the  mode  of  combination,  rather  than  to  a  difference  in  the 
proportion  of  carbon ;  for  the  white  variety  may  be  converted 
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into  the  black  by  exposure  to  a  strong  heat  and  cooling  slowly, 
and  the  black  may  be  changed  into  the  white  by  being  heated 
and  rapidly  cooled. 

Of  these  varieties,  No.  1,  or  black  cast  iron,  is  the  softest, 
and  is  therefore  much  the  most  used.  It  is  malleable  to  some 
extent,  and  admits  of  being  easily  filed  or  turned.  Its  specific 
gravity  is  lower  than  that  of  the  other  varieties,  and  it  is  said 
to  melt  at  a  lower  temperature. 

No.  2,  or  mottled  caust  iron,  is  intermediate  in  its  properties 
between  the  other  two,  and  needs  no  separate  description. 

White  cast  iron  is  nearly  as  hard  as  steel,  and  usually  pos- 
sesses a  lamellar  structure.  It  of  course  cannot  be  filed,  or 
turned,  or  bored,  and  cannot  be  applied  to  any  very  important 
purpose. 

Means  have  recently  been  devised  for  changing  cast  iron  into 
malleable  iron  without  fusion,  as  described  above  (663);  so  that 
articles  may  first  be  cast  in  the  usual  manner,  and  afterwards, 
without  injuring  their  form,  be  changed  into  tough  or  malleable 
iron. 

676.  Steel  is  by  far  the  most  important  of  the  compounds  of 
iron  and  carbon.  This  compound  was  known  at  a  very  early 
period,  and  was  called  acies  by  the  Romans.  It  is  said  a 
manufactory  of  steel  existed  in  Sweden  as  early  as  the  year 
1340. 

An  inferior  kind  of  steel  is  made  directly  from  the  ore,  and 
is  therefore  called  natural  steel.  The  ore  called  brown  hema- 
tite answers  for  this  purpose,  but  that  called  spathic  iron,  which 
is  a  carbonate  of  iron,  is  generally  used.  It  has  therefore  been 
called  steel  ore.  Steel  made  in  this  manner  is  used  only  for  the 
coarsest  manufactures,  as  ploughs,  &c. 

But  the  best  steel  is  now  prepared  from  iron  by  the  process 
of  cementation,  which  consists  in  filling  a  large  furnace  with 
alternate  strata  of  bars  of  the  pupest  malleable  iron  and  pow- 
dered charcoal,  closing  every  aperture,  so  as  perfectly  to  exclude 
atmospheric  air,  and  keeping  the  whole  during  several  days  at 
a  red  heat.  By  this  treatment  the  iron  gradually  combines 
with  from  1.3  to  1.75  per  cent,  of  carbon,  its  texture  is  greatly 
changed,  and  its  surface  is  blistered.  This  is  the  blistered  steel 
of  commerce.  This  process  may  be  effected  even  though  the 
carbon  does  not  touch  the  iron,  provided  a  little  oxygen  is 
present.  Carbonic  oxide  (449)  is  first  formed,  which  is  decom- 
posed by  the  iron,  and  half  the  carbon  absorbed,  the  remainder 
being  given  off  in  the  form  of  carbonic  acid,  which  by  its  escape 
produces  the  blistering  just  noticed.  The  decomposition  takes 
place,  however,  mostly  at  the  surface,  the  carbon  being  trans- 
ferred from  particle  to  particle  of  the  iron,  until  the  whole 
assumes  nearly  a  uniform  consistency. 

By  breaking  bars  of  blistered  steel  into  smaW  \A^e^^  ^\A 
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welding  them  together,  the  texture  is  rendered  still  more  uni- 
form, and  it  receives  the  name  of  German  or  shear  steel. 

In  ductility  and  malleability  it  is  far  inferior  to  iron;  but  ex- 
ceeds it  p:reatly  in  hardness,  sonorousness,  and  elasticity.  Its 
texture  is  also  more  compact,  and  it  is  susceptible  of  a  higher 
poiisli.  It  sustains  a  full  red  heat  without  fusing,  and  is,  there- 
fore, less  fusible  than  cast  iron;  but  it  is  much  more  so  than 
malltablc  iron. 

077.  To  form  cast  steel,  the  blistered  steel,  as  taken  from  the 
cemc  iiting  oven,  is  broken  in  pieces  and  melted  in  pots,  and 
cast  into  small  parallelopipcdons.  This  requires  a  very  great 
heat,  and  is  of  course  very  expensive ;  but  the  metal  is  thus 
rendered  of  uniform  texture  throughout,  which  improves  it  very 
much  for  many  purposes.  It  will  not  bear  now  to  be  heated 
above  a  bright  cherry-red,  and  can  scarcely  be  welded. 

Instruments  made  of  iron  are  often  covered  w^ith  animal 
charcoal  in  a  close  box,  and  exposed  for  an  hour  to  a  red  heat, 
by  which  the  surface  is  converted  into  steel,  which  is  called 
case-hardening.  It  has  recently  been  discovered  that  the  ferro- 
cyanide  of  potassium  applied  to  heated  iron,  even  in  the  open 
air,  produces  the  same  effect,  wherever  it  touches  it,  almost 
instantly. 

The  celebrated  Indian  steel  called  wootz,  it  has  recently  been 
determined,  is  a  compound  of  steel,  and  a  very  small  quantity 
of  silicon  and  aluminum ;  to  which  circumstance  it  seems  to 
owe  its  peculiarities.  Steel  has  also  been  alloyed  with  minute 
quantities  of  silver,  platinum,  rhodium,  palladium,  and  osmium, 
by  which  its  hardness,  and,  in  some  cases,  its  toughness,  are 
improved,  and  it  is  not  improbable  the  compounds  may  yet 
become  highly  useful  in  the  arts. 

678.  Steel  is  hardened  by  being  heated  and  suddenly  cooled. 
When  the  greatest  hardness  is  required,  it  is  obtained  by  heat- 
ing the  steel  red-hot,  and  pjunging  it  into  cold  water,  which 
makes  it  very  brittle.  Various  substances  are  used  instead  of 
water,  as  oils,  the  acids,  tallow,  or  even  cold  air,  or  in  some 
cases,  the  mere  contact  of  other  metals. 

When  steel  is  thus  hardened,  it  will  become  soft  again,  if  it 
be  heated  up  to  the  first  point  and  then  left  to  cool  slowly  (580J; 
but  any  intermediate  hardness  may  be  secured  by  heating  the 
article  to  the  degree  that  corresponds  to  it,  and  then  allowing 
it  to  cool  of  itself.  This  is  called  tempering,  and  is  usually 
judged  of  by  the  colors  that  appear  on  the  surface  of  the  steel 
as  it  is  heated  ;  thus,  a  straw  color  corresponding  to  430°  or 
450°,  denotes  the  proper  temper  for  penknives,  razors,  &c.; 
and  the  first  tinge  of  purple,  corresponding  to  510°,  is  adapted 
to  other  coarser  cutting  instruments.  Sometimes  an  oil-bath 
or  fusible  metal  is  used,  and  the  proper  temperature  is  indi- 
cated by  a  thermometer,  so  that  the  workman  is  not  under  the 
necessity  of  examining  every  separate  article. 


ZINC.  269 


IRON    AND    IODINE. 

There  are  two  compounds  of  iron  and  iodine,  the  proto  and  sesqui. 
iodides. 

Iron,    Iodine,      Equiv,      Symbols, 

Protiodide  of  iron 1  eq.  +  ^  eq 154.3 ....  Fel 

Sesqaiodide  of  iron .2  eq.  +  3  eq. . . .  .434.9. ..  .Fe^Is 

679.  Protiodide  of  Iron, — Protiodide  is  ibrmed  by  digesting  iodine  in 
water  with  iron  wire  or  filings.  Heat  is  evolved  ;  and  on  evaporating  the 
solution  in  contact  with  the  air  as  little  as  possible,  the  iodide  is  obtained 
as  a  grey  crystaline  mass,  which  is  very  deliquescent,  and  is  soluble  in 
water  and  alcohol.     It  is  used  in  medicine. 

680.  Sesqaiodide  of  Iron  is  obtained  by  exposing  a  solution  of  the  protio- 
dide to  the  air,  or  by  digesting  iron  wire  with  an  excess  of  iodine,  and 
gently  evaporating.     It  is  of  an  orange  color,  and  may  be  sublimed. 

Other  binary  compounds  of  iron  are  the  bromides,  fluorides,  phosphurets, 
&c,  none  of  which  possess  any  particular  interest 


[  ZINC — CADMIUM. 

ZINC. 

[  Symbol  Zn;  Equivalent  32.3, 

»  681.  This  metal  was  first  mentioned  under  the  teTva  zinetunij 
'  in  the  sixteenth  century,  by  Paracelsus ;  but  it  was  probably 
~  known  at  a  much  earlier  period.  In  commerce  it  is  often  called 
*  spelter.  It  is  obtained  either  from  calamine^  which  is  a  native 
carbonate  of  zinc,  or  from  the  sulphuret  called  zinc  blende.  It 
is  procured  from  the  former  by  heating  it  with  carbonaceous 
matters,  and  from  the  latter  by' a  similar  process,  after  the  ore 
has  been  roasted  to  expel  the  sulphur  and  oxydize  the  metal. 
Its  preparation  affords  an  instance  of  what  is  called  distillation 
by  descent.  The  furnace  or  crucible  for  reducing  the  ore  is 
closed  above,  and  in  its  bottom  is  fixed  an  iron  tube,  the  upper 
aperture  of  which  is  in  the  interior  of  the  crucible,  and  its  lower 
\  terminates  just  abdve  a  vessel  of  water.  The  vapor  of  zinc, 
^  together  with  all  the  gaseous  products,  passes  through  this 
tube,  and  the  zinc  is  condensed.  The  first  portions  are  com- 
monly very  impure,  containing  cadmium  and  arsenic,  the  period 
of  their  disengagement  being  indicated  by  what  the  workmen 
call  the  brown  blaze;  but  when  the  blue  blaze  begins,  that  is, 
when  the  metallic  vapor  burns  with  a  bluish  white  flame,  the 
zinc  is  collected.  As  thus  obtained,  it  is  never  quite  pure :  it 
frequently  contains  traces  of  charcoal,  sulphur,  cadmium,  arse-, 
nic,  lead,  and  copper;  and  iron  is  always  present.  It  may  be 
freed  from  these  impurities  by  distillation,— by  expos\x\^\\.\.o^ 
23* 
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white  heat  in  an  earthen  retort,  to  which  a  receiver  foil  of  water 
is  adapted ;  but  the  first  portions,  as  liable  to  contain  arsenic 
and  cadmium,  should  be  rejected. 

It  is  owing  to  these  foreign  bodies;  particolarlj  iron,  that 
common  zinc  dissolres  so  rapidly  in  dilute  sulphuric  acid  (205). 

6r2.  Zmc  has  a  strong  metallic  lustre,  and  a  Uuish-wbite 
color.  Its  texture  is  lamellated,  and  its  density  about  7.  At 
low  or  high  degrees  of  heat  it  is  brittle ;  but  at  temperatures 
between  210-  and  9lO=,  it  is  both  malleable  and  ductile,  a  pro- 
perty which  enables  zinc  to  be  rolled  or  hammered  into  sheets 
of  considerable  thickness.  Heated  to  4(XP  it  again  becomes 
exceedingly  brittle,  and  may  be  reduced  to  powder  in  a  mortar. 
Its  malleability  is  considerably  diminished  by  the  impurities 
which  the  zinc  of  commerce  contains.  It  fuses  at  773^,  and 
when  slowly  cooled  crystalizes  in  four  or  six  ^ded  prisma 
Exposed  in  close  vessels  to  a  white  heat,  it  sublimes  un* 
changed. 

Zinc  is  considerably  used  in  the  arts,  e^)eciaDy  in  combina- 
tion with  copper  in  the  form  of  brass,  of  which  it  usually  con- 
stitutes about  one-fourth  part  In  the  laboratory,  metallic  zinc 
is  much  used  in  the  construction  of  galvanic  instruments.  It 
has  also  been  proposed  for  constructing  pipes  for  convejrlDg 
water,  for  culinary  vessels,  &c. ;  but  it  is  so  readily  acted  upon 
by  other  substances,  that  it  is  of  doubtful  utility  lor  these  par- 
poses.  Rolled  into  thin  sheets,  it  answers^  in  many  cases,  as  a 
cheap  and  quite  durable  substitute  for  sheet  iron  or  tin  plate. 

Recently  it  has  been  used  for  coating  sheet  iron — which 
Is  then  called  galranized  iron  (205)— to  protect  it  firom  oxyda- 
tion.  When  thus  used,  a  galvanic  current  is  probably  estab- 
lished between  the  metals,  and  the  iron  is  preserved  on  the 
principle  already  exfdained. 

ZINC    AND    OXYGEN. 

There  is  but  one  well-determined  oxide  of  zinc,  the  prot- 
oxide. 

ZtRC.     Oxygen,     Equiv.      Symbol. 
Protoxide I  eq.  +  1  eq 40.3 ZnO 

683.  Protoxide  of  Zinc. — Zinc  undergoes  little  change  by  the 
action  of  air  and  moisture.  When  fiised  in  open  vessels  it 
absorbs  oxygen,  and  forms  the  white  oxide,  called  flowers  of 
zinc.  Heated  to  full  redness  in  a  covered  crucible,  it  bursts 
into  flame  as  soon  as  the  cover  is  removed,  and  bums  with  a 
brilliant  white  light  The  combustion  ensues  with  such  vio- 
lence, that  the  oxide  as  it  is  formed  is  mechanically  carried  up 
into  the  air.  The  heat  at  which  it  begins  to  bum  is  estimated 
at  94  P. 

This  oxide  is  also  generated  during  the  solution  of  zinc  in 
dilute  sulphuric  or  hydrochloric  acid,  and  the  acid  may  be 
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readily  expelled  from  it  by  heat.  At  common  temperatures  it 
is  white,  but  when  heated  to  low  redness  it  assumes  a  yellow 
color,  which  gradually  disappears  on  cooling.  It  is  quite  fixed 
in  the  fire.  It  is  insoluble  in  water,  and,  therefore,  does  not 
affect  the  blue  color  of  plants ;  but  it  is  a  strong  salifiable  base, 
forming  regular  salts  with  acids,  most  of  which  are  colorless. 
It  combines  also  with  some  of  the  alkalies. 

In  consequence  of  the  peculiar  appearance  of  this  oxide,  as 
it  is  formed  by  the  combustion  of  the  metal,  it  has  been  called 
nihil,  album,  philosopher'' 8  wool,  pompholij:,  flowers  of  zinc,  &c. 

Oxide  of  zmc  has  sometimes  been  substituted  for  white  lead 
in  house-painting,  and  forms  a  more  durable  paint ;  but  the 
white  color  is  not  so  clear. 

Oxide  of  zinc  is  easily  recognized  by  being  precipitated 
from  its  solution  as  a  hydrate,  by  caustic  potassa  or  ammonia, 
but  is  again  completely  dissolved  by  an  excess  of  the  pre- 
cipitant. 

ZINC    AND    CHLORINE. 

Zinc,       Chlorine.  Equiv.      Symbol. 
Chloride  of  zinc 1  eq.  +  I  eq 67.72 ZnCl 

684.  Chloride  of  Zinc, — ^This  compound  is  formed,  with  evolution  of  heat 
and  light,  when  zinc  filings  are  introduced  into  chlorine  gas ;  and  it  is 
readily  prepared  by  dissolving  zinc  in  hydrochloric  acid,  evaporating  to  dry- 
Bess,  and  heating  the  residue  in  a  tube  through  which  dry  gas  is  transmitted. 
It  is  colorless,  fusible  at  a  heat  a  little  above  212°,  has  a  soil  consistence  at 
common  temperatures,  hence  called  butter  of  zinc,  sublimes  at  a  red  heat, 
and  deliquesces  in  the  air. 

Mixed  with  hydrochlorate  of  ammonia  in  solution,  it  forms  an  excellent 
article  for  tinning  copper,  iron,  <Slc.  The  two  substances,  in  all  probability, 
form  a  double  salt 

Zinc  forms  definite  compounds  with  iodine,  bromine,  fluorine,  phosphorus, 
sulphur,  &c 


CADMIUM. 
Symbol  Cd;  Equivalent  55.8. 

685.  This  metal  has  received  its  name  from  the  circumstance 
that  is  generally,  if  not  always,  associated  with  zinc,  some  of 
the  ores  of  which,  particularly  calamine,  were  formerly  called 
cadmda.  Cadmium  was  discovered  by  Stromeyer,  in  the  year 
1817;  and  it  has  since  been  found  in  the  ores  of  zinc  in  different 
parts  of  the  world.  During  the  reduction  of  the  zinc  it  is  sub- 
limed and  is  found  mixed  with  other  substances,  as  soot  and 
oxide  of  zinc  in  the  upper  part  of  the  furnace. 

To  obtain  metallic  cadmium,  the  ore  in  which  it  is  contained 
Is  dissolved  in  dilute  sulphuric  or  hydrochloric  acid,  and,  afler 
adding  a  portion  of  free  acid,  a  current  of  hydroaulphuric  acid 
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gas  is  transmitted  through  the  liquid,  by  which  means  the  cad* 
miuni  is  precipitated  as  sulphuret,  while  the  zinc  continues  in   -Z_ 
solution.    The  sulphuret  of  cadmium  is  then  decomposed  bjjLlT 
nitric  acid,  and  the  solution  evaporated  to  dryness.    The  di 
nitrate  is  dissolved  in  water,  and  an  excess  of  carbonate 
ammonia  added.    The  white  carbonate  of  oxide  of  cadmiua] 
subsides,  which,  when  headed  to  redness,  )rields  a  pure'oxi 
By  mixing  this  oxide  with  charcoal,  and  exposing  the  mixtuiBi 
to  a  red  heat,  metallic  cadmium  is  sublimed. 

A  very  elegant  process  for  separating  zinc  from  cadmr 
was  proposed  by  Wollaston.  The  solution  of  the  mixed  me 
is  put  into  a  platinum  capsule,  and  a  piece  of  metallic  zinci 
placed  in  it.  If  cadmium  is  present,  it  is  reduced,  and  adhe 
so  tenaciously  to  the  capsule,  that  it  may  be  washed  with  wa 
without  danger  of  being  lost.  It  may  then  be  dissolved  either 
by  nitric  or  dilute  hydrochloric  acid. 

687.  Cadmium,  in  color  and  lustre,  has  a  strong  resemblancel;  J: 
to  tin,  but  is  somewhat  harder  and  more  tenacious.  It  is  veryffj^ 
ductile  and  malleable.  Its  specific  gravity  is  8.60,  before  being  1^ 
hammered,  and  8.69  afterwards.  It  melts  at  about  the  same  . ;_; 
temperature  as  tin,  and  is  nearly  as  volatile  as  mercury,  con- 
densing like  it  into  globules  which  have  a  metallic  lustre.  Its 
vapor  has  no  odor. 

Cadmium  might  be  employed  in  the  arts  for  many  useful 
purposes,  but  hitherto  it  has  been  found  only  in  very  small 
quantities.    Heated  in  the  open  air  it  absorbs  oxygen,  and  is 
converted  into  a  protoxide.    It  is  readily  dissolved  by  nitrie    ^ 
acid,  and  is  also  acted  upon  by  the  sulphuric  and  hydrochloric  li:;^ 

Cadmium  forms  different  compounds  also  with   chlorine,  jj 
iodine,  sulphur,  phosphorus,  and  probably  other  substances. 


■ 


TIN. 

Symbol  Sn;  Equivalent  57.9. 

688.  Tin  has  been  known  from  the  most  remote  antiquity, 
and  was  in  common  use  in  the  time  of  Moses.*  It  is  supposed 
the  ancients  obtained  it  chiefly  from  Cornwall,  England,  the 
mines  of  which  now  yield  a  large  part,  it  is  said,  of  the  tin  of 
commerce.  It  is  found  also  in  India,  Germany,  Chili,  and 
Mexico ;  but  it  is  a  little  singular  that  it  has  not  yet  been  dis- 
covered in  the  United  States,  except,  perhaps,  a  few  small 
crystals  of  the  oxide  in  Chesterfield,  Massachusetts,  and  a  small 
vein  of  the  ore  in  the  White  Mountains,  in  New  Hampshire. 
The  chief  ores  are  the  oxide  and  sulphuret. 


*  Numbers  xxxi,  22. 
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I  The  tin  of  commerce  is  distinguished  into  two  varieties, 
1  black  and  grain  lin,  iwth  of  which  are  procured  fruni  the 
!  oxide  by  means  of  heal  and  (.■liar''ciiil.  In  Cnrnwiill, 
Rilcli  has  been  celebrated  for  its  tin  mines  during  manycenlu- 
t,  the  ore  is  both  extracted  from  veins,  anil  found  in  the  form 
tounded  grains  among  beds  of  rolled  materials,  whiuli  have 
1  deposited  by  the  action  of  water.  These  grains,  corn- 
only  called  xiream  tin,  contain  a  very  pure  oxide,  and  yield 
be  purest  kind  of  grain  tin.  An  inferior  sort  is  prepared  by 
hating  bars  of  tin,  extracted  from  the  common  ore,  (o  very 
W  their  point  of  fusion,  when  the  more  fusible  parts,  which 
[ethe  purest,  flow  out;  and  the  less  fusible  portions  consti- 
'e  block  tin.     The  usual  impurities  are  iron,  copper,  and 

p669.  Tin  has  a  white  color,  and  a  lustre  resembling  that  of 
Tlver.  The  brilliancy  of  its  surface  is  but  very  slowly  im- 
nred  by  exposure  to  the  atmosphere,  nor  is  it  oxydized  even 
W  the  combined  agency  of  air  and  moisture.  Its  malleability 
^ery  considerable;  for  the  thickness  of  common  tin-foil  does 
^exceed  7„Vj  of  an  inch.  In  ductility  and  tenacity  it  is  infe- 
p  several  metals.  It  is  soft  and  inebstic,  and  when  bent 
Bids  and  forwards,  emits  a  peculiar  crackling  noise.  Its 
p  gravity  is  about  7.3.  At  442=  it  fuses,  and  if  exposed 
!  time  to  the  air,  its  surface  tarnishes,  and  a  grey 
formed.  When  heated  to  whiteness,  it  takes  fire 
s  with  a  white  flame,  being  converted  into  peroxide 


s  of  metallic  tin  ai 
fc  is  not  necessary  to  e 


so  well  known, 
enumerate  them,  it  is  probably 
it  ^miliar  to  us,  as  it  is  used  to  coat  sheet  iron  and  copjKr, 
'to  protect  them  from  the  action  of  the  atmosphere  and  moist- 
ure, forming  what  is  usually  called  tin  plate;  and  combined 
with  antimony  and  copper  to  form  Brittania  metal. 


There  are  three  osides  of  tin,  the  prot< 
Ud  or  peroxide. 

Tin.       Oxy^tn. 

Protoxide 1  eq.  +  I  eq. . 

Sesquioxide 2  eq.  -j-  3eq.. 

Peroxide I  eq.  +  2  eq. . 

690.  Protoxide  of  Tin.— When  chloride 
J692)  is  mixed  with  an  alkaline  carbonate, 
tin  falls,  which  may  be  obtained  as  such 
washing  with  warm  water,  and  drying  at 
190',  with  the  least  possible  exposure  to 
mode  of  obtaining  the  anhydrous  oxide  is 
drate  to  redness  in  a  tube  from  which  air  is 


dp,  sesquioxide,  and 

EipiiB.  Symbol*. 
.,..65.9....8nO 
...i29a....8n:,Oj 
.  ...r3.9....SnO, 
of  tin  in  solution 
hydrnted  oxide  of 
in  a  dry  form  by 
a  lieat  not  above 
the  air.  The  best 
by  heating  the  hy- 
excluded  by  "  ■"—- 
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rent  of  carbockr  acid  gas.    The  same  oxide  is  formed  when  tio 
is  ke^^n  fi^r  some  time  fused  in  an  c^>en  vesseL 

Pruioi;!  Je  of  tin  has  a  ^>ecific  gravitj  af  6.67.  At  commoa 
t^iij^M-rdtures  it  is  peimaDent  in  the  air,  but  if  touched  byi 
re'J-fiOt  Doiy.  it  takes  fire  and  is  conrerted  into  the  peroxideL 
Jv>  saltb  are  remarkably  prone  to  absorb  oxygen,  both  froa 
tli«^  air  and  from  compounds  which  jield  oxygen  readily. 
Tii(it»  It  converts  peroxide  of  iron  into  protoxide,  and  throws 
down  njercury.  silver,  and  platinum  in  the  metallic  state  firon 
thHr  fi^lts.  With  a  solution  of  gold  it  causes  a  purple  pre»  |fcx 
pit  ate,  the  purpU  of  Cassius^  wluch  appears  to  be  a  compound 
of  the  jx'roxide  of  tin  and  protoxide  of  gold.  By  this  character 
protoxi  i<^  of  tin  is  recognized  with  certainty. 

Sesquioaride  of  Tin. — ^This  oxide  is  soluble  in  hydrochloric  |»i 
acid,  and  strikes  with  gold  the  purple  of  CoMtius^  like  the  prot* 
oxid<%  hut  is  readily  d&tinguisbed  from  it  by  being  soluble  in 
ammonia. 

(1/^fi,  Peroxide  of  7Yn,  Stanme  Add, — ^This  compound  is  most 
convonirntly  prepared  by  the  action  of  nitric  acid  on  metallie  1^ 
tin.  Nitric  acid,  in  its  most  concentrated  state,  does  not  act  fci 
easily  ii|Xin  tin ;  but  when  a  small  quantity  of  water  is  added,  li 
violent  rilervescence  takes  place,  owing  to  the  evolution  of 
nitrons  ;icld  and  binoxide  of  nitrogen,  and  a  white  powder,  the 
hydr.-itrd  peroxide,  is  produced.  On  edulcorating  this  snb- 
stance,  iind  heating  it  to  redness,  watery  vapor  is  expeUed^and 
the  |)iii  <*  peroxide,  of  a  straw-yellow  color,  remains.  r 

Hinoxide  of  tin  has  very  little  disposition  in  any  state  to  unite  r 
with  Hclds,  and,  when  dissolved  by  them,  is  very  apt  to  sepa-  ^ 
rate  itself  spontaneously  as  a  gelatinous  hydrata  It  acts  the  ^^ 
part  of  a  feehie  acid :  It  reddens  litmus  when  its  hydrate  moist-  \\ 
ened  \h  laid  upon  it,  and  it  unites  with  the  pure  alkalies,  form- 
inf^  Hojuhle  compounds  which  are  called  stannates. 

The  Haine  compound  apparently  is  obtained  by  decomposing 
perchlorldo  of  tin  (G93)  by  an  alkali;  but,  as  prepared  by  this 

f)ro('efeiH,  it  is  soluble  in  dilute  nitric  and  sulphuric  acids,  and  in 
lydroctliloric  acid.  These  two  varieties  of  this  oxide  may  be 
transformed  into  each  other,  and  are  probably  isomeric  (342) 
compounds. 

Melted  with  glass,  this  oxide  forms  a  white  enamel,  and 
combined  with  a  little  oxide  of  lead,  it  is  used  as  a  polishing 
powder  called  putty  of  tin.  To  form  it,  an  alloy  of  tin  and  lead 
is  calcined  in  a  reverberatory  furnace. 

TIN    AND    CHLORINE. 
There  are  two  chlorides  of  tin,  the  composition  of  which  is  as  follows : 

Tin,       Chlorine,   Equiv,      Symbols, 

Protoohloride 1  eq.  +  1  eq 93.32 SnCl 

Bichloride 1  e^+  3  eq 128.74. . .  .SnCl^ 


COBALT. 

£93.  FTUaeMoridt  of  Tin.— ThU  companad  \a  obtabed  by  Imnsmillins 
hydrochloric  acid  gns  over  melallic  tin  licated  in  b  glass  Eut>c,  when  Iiydro- 
gen  gas  is  evolved,  and  Ibe  prolocbloridc  is  obtained  in  the  furm  of  a  gre; 
■olid. 

A  suldlina  of  prolocbloride  or  tin  a  obtaiaed  b;  heating  grannlaled  tin  in 
•tnug  hydrochloric  ncid  as  lon^  aa  hydro^n  ga§  continues  to  bo  evolved. 
TliTH  solution  is  much  employed  aa  a  deoxydizing  agent,  being  more  pow- 

lerfn]  than  the  sulpha  le  or  nitrate  of  the  protoxide;  owing  apparently  to  the 

!  tendency  of  the  protochloride  of  tin  to  resolve  itself  into  bichloride  and  mo. 

'falllie  tin,  the  latter  taking  oxygen  or  chlorine  Itoid  any  metallic  soluliona 

I  which  yield  them  readitf. 

I      The  partially  ctyHtaliied  protochloride  is  sold  under  the  name  of  will  of 

'  693.  Bichloride  of  Tin.— Wlien  protochloride  of  tin  is  healed  in  chlorine 
|£B>,  or  an  distiUing  b  mistnra  of  8  parts  of  granulated  tin  with  24  of  hi- 
f  ehloridn  of  mercury,  a  very  volatiio,  colorlasa  hqoid  passes  over,  which  is 
fKcUorida  of  tin.  In  an  open  vessel  it  emits  dense  while  fuinoB,  caused  by 
the  moisture  of  the  air,  and  hence  il  wis  culled  Iba  fuming  liqaar  of  Liba. 
I  Tins,  who  discovered  it.  Al  248°  it  bolb),  and  Iho  specific  gravity  of  ita 
t  wpor  is  found  to  be  9.19.  With  one- third  of  its  weight  of  water  it  forms  a 
|K>1id  hydrate,  and  in  a  larger  quantity  of  witer  dissolves. 
,  The  solution  of  bichluriile  of  tin,  comtnnnly  called  punnuriate  if  tin,  a 
Imucb  used  in  dyeing,  and  is  prepared  by  diasolving  tin  in  nitro-hydn>cbloric 
tadd.  Tbe  process  requires  care ;  for  if  the  action  be  very  rapid,  as  is  sure 
|to  happen  if  strong  acid  be  employed  and  much  tin  added  at  once,  tbe  per. 
dzide  will  be  spontaaeoualy  deposited  as  a  bulky  hydrate,  and  be  subse- 
I  quenlJy  rediesalved  with  great  difficulty.  Sut  tlie  operation  will  rarely  fail 
if  the  Bcid  ia  made  witli  two  measuros  of  hydrochloric  acid,  one  of  nitric 
-acid,  and  one  of  water,  and  if  the  tin  is  gradually  dissolved,  one  portion  dis- 
I  appearing  before  another  ia  added.  The  moat  certain  mode  of  preparation, 
however,  is  to  prepare  a  solution  of  the  protochloride,  and  convert  it  into 
the  biubloride,  either  by  chlorine,  or  by  gentle  heat  and  nitric  acid. 

There  are  two  aulphoreta  of  tin,  tbe  protosulphuret  and  the  bisulphuret. 
The  bisulphuret  possesses  a  beautiful  yellow  color  and  metallic  lualre,  and 
has  therelbre  been  called  DuruiH  inuiiDuni  or  mosaic  gold.  11  is  used  in 
painting  in  imitation  of  bronze,  and  also  for  spreading  upon  the  rubbers  of 
olectrical  michines,  instead  of  amalgam  of  line  or  tin. 

Tin  forms  compounda  also  with  iodine,  bromine,  pboaphonia,  and  acle. 


^^^^^  Symbol  Co ;  Equivalent  29.5. 

PHIr  This  metal  is  met  with  in  the  eaith  chiefly  in  comhina- 
tion  with  arsenic,  constituting  an  ore  from  which  all  the  cobalt 
of  comtnerce  is  derived.  It  is  a  constant  Ingredient  of  meteoric 
iron,  though  in  very  small  quantity.  Its  name  is  derived 
from  the  term  Kobohl,  an  nil  spirit,  applied  to  it  by  the  Ger- 
man miners  at  a  time  when  they  were  ignorant  of  its  vaJue, 
and  considered  it  unfevorable  to  the  presence  of  valuahle 
metais. 


t. 


J 
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When  native  arseniuret  of  cobalt  is  broken  into  small  pieceSi 
and  exjwsed  in  a  reverberatory  furnace  to  the  united  action  of 
heat  and  air,  its  elements  are  oxydized,  most  of  the  arseniou 
acid  is  expelled  in  the  form  of  vapor,  and  an  impure  oxide  of 
cobalt,  called  zaffre,  remains. 

From  this  substance  metallic  cobalt  may  be  obtained  bf 
heatin<r  it  with  charcoal,  or  passing  over  it  when  heated  to  red-    - 
ness  in  a  j)()rcelain  tube,  a  current  of  hydrogen  gas. 

095.  Cobalt  is  a  brittle  metal,  of  a  reddish  grey  color,  aM 
weak  metallic  lustre.  Its  density  is  believed  to  be  about  8ik 
It  fuses  at  a  heat  rather  lower  than  iron,  and  when  slowly 
cooled  it  crystalizes.  As  usually  prepared,  it  is  atttracted  l^ 
the  ina<rnet,  and  is  susceptible  of  being  rendered  permanentlf 
magnetic;  but  it  is  believed  this  property  does  not  belong  toB 
when  perfectly  pure.  It  undergoes  little  change  in  the  air,  but 
absorbs  oxygen  when  heated  in  open  vessels.  It  is  attacked 
with  difficulty  by  sulphuric  or  hydrochloric  acid,  but  is  readily 
oxydized  by  means  of  nitric  acid, 

COBALT    AND    OXYGEN. 

The  two  oxides  of  cobalt  are  composed  as  follows: 

CobaU,    Oxygen.      '  Equiv,      SymhoU. 

Protoxide 1  eq.  +  1  eq 37.5 CoO 

Sesquioxide 2  eq.  -f  3  eq. 83    Co^Os 

6%.  Protoxide  of  Cobalt, — This  oxide  is  of  an  ash-crey  color, 
and  is  the  basis  of  the  salts  of  cobalt,  most  of  whicn  are  of  a 
pink  hue.  When  heated  to  redness  in  open  vessels,  it  absorbs 
oxygen,  and  is  converted  into  the  sesquioxide.  It  may  be  pre- 
pared by  decomposing  carbonate  of  the  protoxide  by  heat  in  a 
vessel  from  which  atmospheric  air  is  excluded.  It  is  easilf 
recognized  by  giving  a  blue  tint  to  borax  when  melted  with 
it ;  and  is  employed  in  the  arts,  in  the  form  of  smalt,  for 
communicating  a  similar  color  to  glass,  earthenware,  and 
porcelain. 

The  smalt  of  commerce  is  prepared  by  fusing  a  mixture  of 
zaffre,  potassa,  and  sand,  and  reducing  the  mass  to  a  mode- 
rately fine  powder. 

697.  Sesquioxide  of  Cobalt. — This  oxide  may  be  readily  formed,  as  before 
described,  by  heating  the  protoxide  in  the  open  air.  It  does  not  unite  with 
any  of  the  acids,  and  when  strongly  heated  gives  up  a  portion  of  its  oxygen, 
and  is  reduced  to  a  protoxide. 

Another  oxide  analogous  to  the  red  oxide  of  manganese,  containing  3  eq> 
of  cobalt,  and  4  eq.  of  oxygen,  has  been  described. 

COBALT    AND    CHLORINE. 

Cobalt,    Chlorine,       Equiv,         SymhoL 
Chloride  of  cobalt 1  eq.  -4-  1  eq. 64.92 CcCi 
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698.  Ckhride  of  Cobalt, — It  is  obtained  in  solution  on  dissolvingr  metallic 
oobalt,  its  protoxide,  or  eitlier  of  the  other  oxides  in  hydrochloric  acid.  It 
jields  a  pink-colored  solution,  and  by  evaporation,  small  crystals  of  the 
same  color  containing  water  of  crystalization.  When  deprived  of  water  its 
color  is  blue,  a  character  on  which  is  founded  its  use  as  a  sympathetic  ink ; 
when  letters  are  written  with  a  dilute  solution  of  the  chloride,  the  color  is 
so  pale  that  it  is  invisible  in  the  cold ;  but  on  heating  gently,  the  letters 
appear  of  a  blue  color,  and  disappear  as  soon  as  the  chloride  has  recovered 
its  moisture  from  the  atmosphere. 

Different  opinions  have  been  entertained  concerning  the  cause  of  tliese 
changes  of  color,  which  are  so  readily  occasioned  by  slight  changes  of  tem- 
perature ;  but  the  following  explanation  is  probably  correct.  The  solution 
IS  to  be  considered  as  hydrochlorate  of  cobalt,  the  color  of  which  is  pink, 
especially  when  considerably  diluted,  but  is  so  faint  that  writing  done  with 
it  is  quite  invisible.     By  exposing  this  to  a  gentle  heat,  oxygen  and  hydro- 

En  (in  the  form  of  water)  are  expelled,  and  the  blue  chloride  of  cobalt  is 
'med  upon  the  surface  of  the  paper,  which,  however,  as  the  paper  cools,  is 
again,  by  the  absorption  of  moisture,  ccniverted  into  the  invisible  hydrochlo- 
rate, as  before. 

This  solution  is  called  Hellot''8  Sympathetic  Ink,  If  a  little  sulphate  of 
iron  is  added,  the  colorof  the  writing  when  warm  appears  of  a  greenish 
hue,  but  in  time  becomes  permanently  yellow. 

There  are  several  sulphurets  of  cobidt,  bat  little  is  known  of  the  com- 
pounds  it  forms  with  other  bodies. 


NICKEL. 

Symbol  Ni;  Equivalent  29.5. 

699.  Nickel  is  a  constituent  of  meteoric  iron  (661);  but  its 
principal  ore  is  the  copper-colored  mineral  of  Westphalia,  termed 
kupfer-nickel,  copper  nickel ;  nickel  being  an  epithet  of  detrac- 
tion, applied  by  the  older  German  miners,  because  the  mineral 
looked  like  an  ore  of  copper,  and  yet  they  could  extract  none 
from  it.  The  preparations  of  nickel  may  either  be  made  from 
copper  nickel,  which  is  an  arseniuret  of  nickel  containing  small 
quantities  of  sulphur,  copper,  cobalt,  and  iron,  or  from  the  arti- 
ficial arseniuret  called  speiss,  a  metallurgic  production  obtained 
in  forming  smalt  from  the  roasted  ores  of  cobalt. 

Some  ten  or  twelve  different  processes  have  been  devised 
for  obtaining  pure  metallic  nickel,  but  all  of  them  are  quite 
complicated. 

700.  Nickel  has  a  strong  metallic  lustre,  and  is  both  ductile 
and  malleable.  When  pure  its  color  is  white,  intermediate 
between  that  of  tin  and  silver,  but  the  nickel  of  commerce  is 
usually  of  a  reddish  color. 

It  is  attracted  by  the  magnet,  and  like  iron  may  bo  rendered 
magnetic.  Its  specific  gravity  after  fusion  is  about  8.28,  but  is 
increased  to  near  9.0  by  hammering. 

Nickel  is  very  infusible,  but  less  so  than  pure  iron.  It  suffers 
24 
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no  change  at  common  temperatures  by  exposure  to  air  and 
moisture ;  but  it  absorbs  oxygen  at  a  red  heat,  though  not 
rapidly,  and  is  partially  oxydized.  It  decomposes  water  at 
the  same  temperature.  Hydrochloric  and  sulphuric  acids  act 
upon  it  with  ditficulty ;  but  by  nitric  acid  it  is  readily  oxydized, 
and  forms  a  nitrate  of  the  protoxide  of  nickel. 

Nickel  is  scarcely  used  in  the  arts  except  in  combination 
with  other  metals,  as  we  shall  hereafter  see. 

Oxygen,  chlorine,  sulphur,  &c.,  form  various  compounds 
with  nickel,  which  will  be  found  described  in  other  works. 


SECTION  VI. 

METALS   WHICH   DO   NOT  DECOMPOSE  WATER  AT   ANT  TEMPERATURE, 
AND  THE    OXIDES    OF  WHICH   ARE    NOT    REDUCED    TO    THE 
METALLIC   STATE  BY   THE   MERE   ACTION   OF  HEAT. 

ARSENIC. 

Symbol  As;  Equivalent  37 J. 

701.  Metallic  arsenic  sometimes  occurs  native,  but  more 
frequently  it  is  found  in  combination  with  other  metals,  and 
especially  with  cobalt  and  iron.  On  roasting  these  arsenical 
ores  in  a  reverberatory  furnace,  the  arsenic,  from  its  volatility, 
is  expelled,  combines  with  oxygen  as  it  rises,  and  condenses 
into  thick  cakes  on  the  roof  of  the  chimney.  The  sublimed 
mass,  after  being  purified  by  a  second  sublimation,  is  the  viru- 
lent poison  known  by  the  name  of  arsenic,  or  white  oxide  of 
arsenic.  From  this  substance  the  metal  itself  is  procured  by 
heating  it  with  charcoal.  The  most  convenient  process  is  to 
mix  the  white  oxide  with  about  twice  its  weight  of  black  flux 
(583),  and  expose  the  mixture  to  a  red  heat  in  a  Hessian  cruci- 
ble, over  which  is  luted  an  empty  crucible  for  receiving  the 
metal.  The  reduction  is  easily  effected,  and  metallic  arsenic 
collects  in  the  upper  crucible,  which  should  be  kept  cool  for  the 
purpose  of  condensing  the  vapor.  Most  of  the  arsenic  of  com- 
merce is  obtained  in  the  process  of  reducing  the  ores  of  cobalt 
(694)  and  nickel  above  described. 

702.  Arsenic  is  an  exceedingly  brittle  metal  :  its  structure  is 
crystaline,  and  when  slowly  sublimed  it  is  said  to  crystalize  in 
rhombohedrons.  Its  specific  gravity  is  5.88.  When  heated  to 
356°,  it  sublimes  without  previously  liquefying ;  for  its  point  of 
fusion  is  far  above  that  of  its  sublimation,  and  has  not  hitherto 
been  determined.  Its  vapor  has  a  strong  odor  of  garlic,  a  pro- 
perty which  affords  a  distinguishing  character  for  metallic 
arsenic,  as  it  is  not  possessed  by  any  other  metal,  with  the 
exception  perhaps  of  zinc,  which  is  s£dd  to  emit  a  similar  odor 
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when  thrown  in  powder  on  burning  charcoal.  In  close  vessels 
it  may  be  sublimed  without  change ;  but  if  atmospheric  air  be 
admitted,  it  is  rapidly  converted  into  the  white  oxide. 

In  general,  the  metal  speedily  tarnishes  on  exposure  to  the 
air  and  moisture,  acquiring  on  its  surface  a  dark  film,  and  fre- 
quently it  is  oxydized  quite  through  the  mass.  The  product 
of  this  spontaneous  oxydation,  which  is  often  sold  in  commerce 
under  the  name  of  Jly-powder^  or  the  exceedingly  improper 
name  of  cobalt ,  is  supposed  by  some  to  be  a  distinct  oxide,  but 
by  others  it  is  regarded  as  a  mixture  of  the  metal  with  the  white 
oxide,  to  be  hereafter  described.  Occasionally,  the  metal  is 
quite  permanent  in  the  open  air. 

ARSENIC    AND    OXYGEN. 

There  are  but  two  well  determined  compounds  of  arsenic 
and  oxygen,  both  of  which  possess  acid  properties. 

Arsenic,  Oxygen.    Eguiv.      Symbols, 

Arsenious  acid 2  eq.  +  3  eq. . . .  99.4 AS3O3 

Arsenic  acid 2  eq.  -f  5  eq....  115.4.... AS2O5 

703.  Arsenious  Acid. — This  compound,  frequently  called  t^/iiVc 
arsenic,  and  white  oxide  oj  arsenic,  is  always  generated  when 
arsenic  is  heated  in  open  vessels,  and  may  be  prepared  by 
digesting  the  metal  in  dilute  nitric  acid.  The  white  arsenic  of 
commerce  is  derived  from  the  native  arseniurets  of  cobalt, 
being  sublimed  during  the  roasting  of  these  ores  for  the  prepa- 
ration of  zaffre,  and  it  is  purified  by  a  second  sublimation  in 
iron  vessels. 

It  is  usually  sold  in  a  state  of  fine  white  powder ;  but  when 
first  sublimed,  it  is  in  the  form  of  brittle  masses,  more  or  less 
transparent,  colorless,  of  a  vitreous  lustre,  and  conchoidal  frac- 
ture. This  glass,  which  may  also  be  obtained  by  fusion,  gradu- 
ally becomes  opaque  without  undergoing  any  apparent  change 
of  constitution,  either  with  respect  to  water  or  any  other  sub- 
stance ;  but  the  change  is  certainly  promoted  by  exposure  to 
the  atmosphere.  Its  sp.  gravity  is  3.7.  At  380^  it  is  volatilized, 
yielding  vapors  which  do  not  possess  the  odor  of  garlic,  and 
which  condense  unchanged  on  cold  surfaces. 

The  taste  of  arsenious  acid  is  stated  differently  by  different 
persons.  It  is  generally  supposed  to  be  acrid,  but  this  is  pro- 
bably owing  to  the  local  inflammation  by  which  such  an 
experiment  is  apt  to  be  followed.  ' 

It  reddens  vegetable  blue  colors  feebly,  an  effect  which  is 
best  shown  by  placing  the  acid  in  powder  on  moistened  litmus 
paper.  It  combines  with  salifiable  bases,  forming  salts  which 
are  termed  arsenites. 

The  opaque  variety  is  more  soluble  than  the  transparent; 
1000  parts  of  water,  at  the  ordinary  temperature  of  the  air,  in 
one  instance,  taking  up  in  36  hours  12.5  parts  of  the  former 
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and  only  9.6  of  the  latter.  The  same  quantity  of  boiling  water 
has  been  found  to  dissolve  115  parts  of  the  opaque  variety,  and 
retain  29  on  cooling,  while  of  the  transparent  only  97  parts 
were  dissolved,  and  18  retained  when  cold. 

This  substance  is  dimorphous  (362),  which  probably  suffi- 
ciently accounts  for  there  being  two  varieties  of  it.  Usually  it 
crystalizes  in  six-sided  scales  derived  from  a  rhombic  prism; 
but  by  slow  sublimation  it  may  be  obtained  in  octohedral  crys- 
tals which  are  perfectly  transparent.  Dissolved  in  hydrochlo- 
ric acid,  it  also  crystalizes  from  the  solution  in  octohedrons. 

704.  This  compound  of  arsenic  is  one  of  the  most  virulent 
poisons  known,  and  acts  not  only  when  taken  into  the  stomach, 
but  also  when  applied  externally  to  a  wound,  or  inspired  as  a 
vapor.  More  or  less  local  inflammation  always  takes  place  in 
the  parts  immediately  acted  upon,  but  it  is  generally  believed 
by  physicians  that  the  deleterious  effects  result  chiefly  from  its 
constitutional  operation. 

705.  The  symptoms  vary  with  the  quantity  taken  and  the 
constitution  of  the  sufferer.  The  earliest  and  most  common 
are,  a  peculiar  nauseous  metallic  taste  in  the  mouth,  with  sick- 
ness at  the  stomach,  and  vomiting ;  but  to  this  there  are  some 
exceptions.  In  cases  rapidly  fatal,  extreme  faintness,  cold 
sweats,  and  slight  convulsions,  are  observed  at  once;  and  in- 
stances have  been  known  in  which  death  has  taken  place  with- 
out any  pain  or  other  prominent  symptoms.  If  life  is  prolonged 
many  hours,  burning  heat  and  extreme  pain  are  felt  in  the 
stomach  and  intestines,  attended  by  insatiable  thirst;  the  pulse 
becomes  very  small,  and  the  countenance  puts  on  an  anxious 
appearance,  the  skin  appears  livid,  and  is  sometimes  affected 
with  eruptions.  The  recovery  of  those  who  survive  is  usually 
very  slow. 

706.  It  is  not  to  be  expected  that  remedial  agents  can  be 
used  to  much  advantage,  in  cases  of  poisoning  with  a  substance 
so  rapid  and  violent  in  its  action  upon  the  system  as  this ;  but 
it  has  recently  been  discovered  that  the  hydrate  of  the  sesqui- 
oxide  of  iron,  operates  as  a  powerful  antidote,  if  promptly 
administered.  Its  remedial  effect  is  founded  on  a  very  remarka- 
ble reaction.  When  hydrated  peroxide  of  iron  in  a  thin  paste 
is  mixed  with  solution  of  arsenious  acid,  the  arsenious  is  con- 
verted into  arsenic  acid,  and  the  peroxide  of  iron  into  the  prot- 
oxide, which  unite  to  form  the  inert  diarseniate  of  iron.  Thus, 
FcaOs  and  AS3O3  become  2FeO+ AsaO,.  This  hydrate  of  iron 
may  be  formed  by  dissolving  iron  in  nitro-hydrochloric  acid, 
and  precipitating  with  a  slight  excess  of  ammonia.  The  hy- 
drate should  be  well  washed  and  preserved  in  close  vials,  in 
its  moist,  pu-py  state,  which  is  essential  to  its  proper  action. 
The  dose  should  not  be  less  than  ten  or  twelve  times  the  weight 
of  the  poison  that  has  been  taken. 

The  frequent  exhibition  of  arsenious  acid  as  a  poison  renders 
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the  detection  of  this  compound  an  object  of  great  importance 
to  medical  practitioners  as  well  as  to  the  chemist ;  and  indeed 
it  is  a  subject  in  which  every  individual  has  a  fearful  interest. 

In  this,  as  in  all  similar  inquiries,  the  object  to  be  held  in 
view  is  the  discovery  of  a  few  decisive  characters,  by  means 
jf  which  the  poison  may  be  distinguished  from  all  other 
>odies ;  and  when  present  but  in  small  quantity,  either  in  pure 
vater,  or  in  any  fluids  likely  to  be  met  with  in  the  stomach, 
nay  with  certainty  be  detected. 

Some  ten  or  twelve  different  tests  have  been  proposed,  some 
>f  which,  however,  it  is  admitted,  are  very  uncertain  in  their 
ndications,  and  they  will  therefore  be  entirely  omitted.  The 
ollowing  are  several  of  the  most  important ;  and  it  is  believed 
hey  are  entirely  sufficient,  at  least  when  taken  in  connection 
vith  each  other.  A  single  test  should  never  be  relied  on ;  but 
several  separate  and  independent  trials  should  always  be  made. 

707.  1.  Ammoniacal  nitrate  of  silver  forms  with  arsenious 
icid  a  yellow  precipitate,  by  which  it  can  in  many  cases  be 
readily  detected.  This  preparation  is  made  by  dropping  am- 
nonia  into  a  strong  solution  of  nitrate  of  silver,  until  the  pre- 
cipitate at  first  formed  is  nearly  all  dissolved.  The  presence 
>f  an  alkali,  as  ammonia,  is  essential,  as  without  it  the  nitrate 
af  silver  will  not  be  decomposed  to  form  the  arsenite  of  silver ; 
and  by  the  method  proposed  precisely  the  proper  quantity  of 
ammonia  will  be  used. 

This  test  would  be  sufficient  if  the  suspected  liquid  were 
always  a  pure  solution  of  arsenious  acid;  but  the  result  is  lia- 
ble to  be  affected  by  a  variety  of  other  substances  which  may 
be  present,  as  phosphoric  acid,  common  salt,  &c.,  and  cannot, 
therefore,  be  fully  relied  on. 

The  precipitate  thrown  down  by  this  reagent  is  soluble  both 
in  acids  and  in  ammonia. 

2.  Ammoniacal  sulphate  of  copper,  which  is  made  by  adding 
ammonia  to  a  solution  of  sulphate  of  oxide  of  copper  until 
the  precipitate  at  first  thrown  down  is  nearly  all  redissolved, 
occasions  with  arsenious  acid  a  green  precipitate,  which  has 
been  long  used  as  a  pigment  under  the  name  of  Scheele's  green. 
This  test,  though  well  adapted  for  detecting  arsenious  acid  dis- 
solved in  pure  water,  is  very  fallacious  when  applied  to  mixed 
fluids.  Christison  has  proved  that  ammoniacal  sulphate  of 
copper  produces  in  some  animal  and  vegetable  infusions,  con- 
taining no  arsenic,  a  greenish  precipitate,  which  may  be  mista- 
ken for  Scheele's  green ;  whereas,  in  other  mixed  fluids,  such 
as  tea  and  porter,  to  which  arsenic  has  been  previously  added, 
it  occasions  none  at  all,  if  the  arsenious  acid  is  in  small  quan- 
tity. In  some  of  these  liquids,  a  free  vegetable  acid  is  doubt- 
less the  solvent,  but  arsenite  of  oxide  of  copper  is  also  dissolved 
by  tannin,  and  perhaps  by  other  vegetable  as  well  as  some 
animal  principles. 
24* 
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3.  A  current  of  hydrosulphuric  acid  gas  passed  through  a 
solution  containing  arsenious  acid,  immediately  produces  a 
yeJlow  color,  by  the  formation  of  orpiment,the  sesquisulphuret 
of  arsenic.  The  precipitate  is  at  first  partially  suspended  in 
the  liquid ;  but  as  soon  as  free  hydrosulphuric  acid  is  expelled 
by  heating  the  solution,  it  subsides  perfectly,  and  may  easily  be 
collected  on  a  filter.  One  condition,  however,  must  be  observed 
in  order  to  insure  success,  namely,  that  the  liquid  does  not 
contain  a  free  alkali;  for  sulphuret  of  arsenic  is  dissolved  with 
remarkable  facility  by  pure  potassa  or  ammonia.  To  avoid 
this  fallacy,  it  is  necessary  to  acidulate  the  solution  with  a  little 
acetic  or  hydrochloric  acid. 

But  it  Vioes  not  necessarily  follow,  because  hydrosulphuric 
acid  causes  a  yellow  precipitate,  that  arsenic  is  present ;  since 
there  are  not  less  than  four  other  substances,  namely,  sele- 
nium, cadmium,  tin,  and  antimony,  the  sulphurets  of  which, 
judging  from  their  color  alone,  might  possibly  be  mistaken  for 
orpiment. 

'  But  by  drying  the  precipitate  and  subjecting  it  to  the  process 
for  obtaining  metallic  arsenic,  to  be  hereafter  described,  the 
sulphuret  of  arsenic  may  readily  be  distinguished  from  these 
and  all  other  substances.  In  the  same  manner,  the  precipitates 
obtained  by  the  preceding  tests  should  be  examined. 

4.  But  the  most  decisive  test  is  to  obtain  the  metallic  arsenic, 
which  may  be  done  from  the  precipitates  thrown  down  by  the 
preceding  tests;  but,  if  the  suspected  substance  is  in  the  solid 
state,  it  may  be  at  once  subjected  to  this  process. 

The  substance  supposed  to  contain  the  arsenious  acid  should 
be  dried  at  a  low  temperature,  and  mixed  with  two  or  three 
times  its  own  weight  of  black  flux,  and  introduced  carefully 
into  the  bottom  of  a  small  test  glass,  made  by  closing  hermeti- 
cally one  end  of  a  small  glass  tube  some  four  or  six  inches  in 
length.  After  wiping  clean  the  inside  of  the  tube  by  a  piece  of 
cotton  attached  to  a  wire,  the  part  containing  the  mixture  is 
to  be  held  in  the  fiame  of  a  spirit-lamp,  when  the  metallic  arse- 
nic will  be  sublimed  and  make  its  appearance  in  a  beautiful 
ring  of  a  steel-grey  color  and  metallic  lustre  around  the  inside 
of  the  tube  just  above  the  part  heated  to  redness.  If  the  closed 
end  of  the  tube  be  now  cut  off  and  heat  again  applied  to  the 
part  containing  the  metallic  crust,  the  metal  will  disappear  and 
another  ring  of"  white  oxide  form  a  little  higher  up  in  the  tube. 
^A  current  of  air  will  pass  through  the  tube  by  which  the  metal 
will  be  oxydized,  and  carried  a  little  higher  up  in  the  tube, 
where  it  will  be  condensed  by  the  cool  surface  of  the  glass. 

The  occurrence  of  the  precipitates  by  the  first  three  tests,  as 
described  above,  may  be  considered  only  as  indirect  indica- 
tions of  the  presence  of  arsenic,  which,  as  has  been  intimated, 
may  all  be  fallacious ;  but  the  appearance  of  the  metal  itself,  and 
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the  conversion  of  it  again  into  the  wliite  oxide,  must  be  con- 
sidered as  absolutely  demonstrative  of  llie  fact. 

5.  Another  curious  test  has  been  proposed  by  Marsh,  which 
is  founded  on  the  well-known  fact,  that,  when  hydrogen  in  Its 
nascent  state  comes  in  contact  with  any  compound  of  oxygen 
and  arsenic,  the  compound  is  decomposed,  and  tlie  hydrogen 
and  arsenic  combine,  producing  a  gaseous  compound  called 
arseniuretted  hydrogen.  If  this  gas  is  inflamed  as  it  escapes 
into  the  air  through  a  fine  tube,  it  burns  with  the  production 
of  the  vapor  of  water;  while  metallic  arsenic  or  arsenious  acid 
is  deposited,  according  as  the  supply  of  oxygen  is  more  or  less 
abundant.  Hence,  if  a  piece  of  cold  window-glass  or  white 
porcelain  be  held  in  the  flame,  its  surface  will  instantly  be 
covered  with  a  thin  coating  of  metallic  arsenic;  but  if  the  flame 
be  made  to  burn  in  the  centre  of  a  glass  tube  open  at  both 
extremities,  the  inner  surface  of  the  latter  is  covered  in  the 
course  of  half  a  minute  with  arsenious  acid.  If  the  tube  be 
held  obliquely,  so  that  the  flame  shall  strike  against  it,  both 
depositions  take  place,  and  by  applying  the  nostrils,  the  pecu- 
liar odor  of  arsenic  is  at  once  perceived, 

70B.  The  experiment  is  best  made  in  the  (bllowingf  manner.  The  sue. 
ance  if  it  contains  any  ealid  matter  is  to  be  bailed  a  few 
listilled  n>ater  and  filtered,  and  then  mixed  witli  a  few  oDncea 
huric  acid.  It  is  tben  InLrnduced  inlo  an  ipparalua  conslructed 
as  follows  :  It  consists  of  two  parts,  a  cylindrical  glass 
sessel  o.  Figure  83,  and  s  cdpped  bell  glflsa  furnished 
with  a  Btopi^ock  and  tube  A,  through  which  the  gas  may 
issue.  To  the  upper  part  of  the  bell-gliisa  receiver  a 
airing  is  attached,  hy  whicli  a  fragment  of  linc  e  is  sus- 
pended nesr  (he  bottom  of  the  vessel.  Now  bj^  the 
action  of  the  dilute  acid  upon  the  linc,  hydrogen  gas  ia 
rapidly  formed,  and  escapes  by  the  stopcock  and  lube  i 
or  if  the  passage  is  closed,  by  accuniutating  in  the  bell- 
jar,  it  noon  forces  out  the  liquid  ao  as  to  remove  it  from 
tlie  zinc,  and  of  course  causes  the  action  to  cease.  If  Ihe 
stopcocli  is  opened  the  gas  escapes  through  the  lube  by 
the  pressure  of  the  liquid,  which  agnin  coming  in  con. 
)  tact  with  (he  zinc,  tho  evolution  of  the  gas  at  once  re. 
commences.  On  burning  the  gns  ss  it  escapes,  the 
presence  of  arsenic  will  at  once  lie  recognised  by  (he  characters  above 
^tecified. 

An  apparatus  like  Ihe  above  answers  well  also  for  procuring  pure  hydro- 
gen (377),  or  for  the  hydrogen  lamp  (382).  It  is,  howeter,  by  no  means 
eseential  for  Ihe  perfect  success  of  Marsh's  osperiineni,  though  very  conve- 
DienL  For  this,  a  four  ounce  vial  answers  well,  with  a  cork  and  piece  uf 
|Npe-atem  for  a  tube,  accurately  fitted  into  the  neck.  After  the  materials 
■re  introduced  and  the  cork  inserted,  care  should  always  be  taken  to  allow 
aofficient  lime  to  elapse  for  all  the  ntmospherio  air  to  escape  before  Ihe  gas 
it  inflamed,  or  an  explosion  (380)  may  ensue. 

But  having  by  these  means  obtained  the  indication  of  M«fc- 
nic  above  described,  we  are  not  to  consider  t\\«  Ve&V  \\i.^:i^^^>&i 


I 
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as  it  has  been  discovered  that  antimony  is  capable  of  fomiinf 
witti  hydrogen  a  compound  which  burns  much  like  arseniii- 
rettcd  hydrogen,  and  deposites  a  metallic  crust  on  a  cold 
face  in  the  some  mnnner.  The  two  gases  may,  howevei , 
readily  distinguished,  for  If  the  metallic  crust  is  formed  . 
arsenif.  It  will  be  volatilized  by  the  application  of  lieat,  butl 
it  be  antimony,  it  will  be  melted  and  run  together  into  a  g" 
bule.  If  the  jKirt  of  the  tube  containing  the  crust  be  separal— 
by  a  file  and  boiled  a  few  minutes  In  pure  water,  it  will  disap- 
pear if  the  metallic  deposit  ia  arsenic,  but  will  remain  unaflecled 
if  it  is  antimony. 

To  avoid  mistake.care  should  of  course  be  taken  to  bave  all 
the  materials  used,  perlectly  pure,  if  possible ;  the  water  should 
be  distilled,  and  the  acid  and  zinc  used  should  first  be  tested  for 
arsenic.  Not  unfrequently,  this  substance  is  found  in  both  the 
sulphuric  acid  and  the  zinc  of  commerce,  which  are  therefore 
rendered  unfit  for  use  for  this  purpose.  The  apparatus,  after 
being  once  used,  should  be  thoroughly  cleansed  before  being 
again  employed. 

In  attempting  to  apply  any  of  the  preceding  tests,  inasmuch 
as  the  poison  is  never  administered  in  a  state  of  purity,  wj 
shall  often  be  obliged  to  encounter  difficulty  at  the  outset,"  " 
the  presence  of  other  substances,  particularly  organic  r 
The  opeiator  must  often  of  course  be  guided  bycirounisl 
but,  in  many  cases,  much  foreign  matter  may  be  separated 
evaporating  to  dryness  nearly,  and  again  dissolving  in  boilj 
water  and  filtering.     The  addition  of  a  little  acetic  acid 
coagulate  any  caseous  or  albuminous  matter,  will  ' 
ciaCor  the  adoption  of  other  means. 

When  a  suspected  substance  is  examined  for  arsenic,  if  the' 
proper  precautions  are  observed,  the  indications  of  the  last  two 
tests  may  be  considered  as  decisive;  and  the  two  processes 
should  always  be  carried  on  simultaneously.  A  single  test, 
as  above  remarked,  should  rarely  be  relied  upon  in  a  case  ofsft, 
great  importance;  nor  is  it  best  to  distract  the  attention  " 
Introducing  too  mai , 

Arsenious  acid  is  considerably  used  in  the  arts,  parliculi 
in  the  manufacture  of  frlass  in  imitation  of  porcelain  and 
cial  gems,  and  in  the  preparation  of  Schccle's  green.     It  i 
used  in  medicine.* 

*  Arccenl  wrherhae  proposed  a  very  simple  meilifHi  lr>  prevcni  Iha 
■ccidenis  Ihal   ore  ofien  occnrring  by  persons    miaiaking  rhia    ani 

poBBg  ihnl  ono  pari  of  ferroi-ynnide  of  poinEsiuni,  and  one  of  sniphai/ii 
iron,  boih  iu  fine  powder,  should  be  inriniaiel^  miied  wiih  everj'  lii     ' 
porta  of  the  arsenic,  which  cnn  scarcely  iiijuro  '■  '- =      ' 


iiing  iiH  a 
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709.  Arsenic  Acid. — This  compound  may  be  formed  by  dissolving-  one 
part  ofarsenious  acid  in  six  parts  of  concentrated  nitric  mixed  with  a  little 
hydrochloric  acid,  and  evaporating  to  perfect  dryness. 

This  acid  has  a  sour  metallic  taste,  reddens  vegetable  blue  colors,  and 
'with  alkalies  forms  neutral  salts,  which  are  termed  arseniates.  It  is  much 
more  soluble  in  water  than  arsenious  acid,  dissolving  in  five  or  six  times  its 
weig-ht  of  cold,  and  in  a  still  smaller  quantity  of  hot  water.  It  forms  irre- 
gular grains  when  its  solution  is  evaporated,  but  does  not  crystalize.  If 
strongly  heated,  it  fuses  into  a  glass  which  is  deliquescent  When  exposed 
to  a  very  strong  red  heat,  it  b  resolved  into  oxygen  and  arsenious  acid.  It 
is  an  active  poison. 

ARSENIC    AND    HYDROGEN. 

There  is  but  one  compound  of  arsenic  and  hydrogen,  which  is  composed 
as  follows: 

Arsenic,  Hydrogen,         Equiv.       Symbol, 
Arseniurettcd  hydrogen . . . .  2  eq.  -|-  3  eq 78.4  ....  As^Hs 

710.  Arseniuretted  Hydrogen. — This   gas   which   was   discovered   by 
.Scheele,  besides  the  method  described  under  the  test  ofarsenious  acid,  may 

be  formed  by  fusing  metallic  arsenic  with  its  own  weight  of  granulated 
zinc,  and  dissolving  the  alloy  in  strong  hydrochloric  acid. 

The  gas  thus  evolved  is  quite  free  from  hydrogen,  being  absorbed 
without  residue  by  a  saturated  solution  of  sulphate  of  oxide  of  copper.  Its 
specific  gravity,  according  to  Dumas,  is  2.69.  It  is  colorless,  and  has  a 
fetid  odor,  like  that  of  garlic.  It  extinguishes  bodies  in  combustion,  but  is 
itself  kindled  by  them,  and  burns  with  a  blue  flame.  It  instantly  destroys 
small  animals  that  are  immersed  in  it,  and  is  poisonous  to  man  in  a  high 
degree,  having  proved  fatal  to  several  experimenters.  Water  absorbs  one- 
fifUi  of  its  volume,  and  acquires  the  odor  of  the  gas.  It  wants  altogether 
the  properties  of  an  acid. 

ARSENIC    AND    SULPHUR. 

There  are  three  compounds  of  arsenic  and  sulphur,  the  proto,  sesqui,  and 
persulphuret 

Arsenic,  Sulphur,       Equiv,        Symhola 

Protosulphuret 1  eq.  -f-  1  eq 53.8  ....  AsS 

Sesquisulphuret 2  eq.  -|-  ^  ^ 123.7  ....  AS2S3 

Persulphuret 2  eq.  -j-  ^  eq 155.9  ....  AS2S5 

711.  Protosulphuret  of  Arsenic. — This  is  found  native,  constituting  the 
realgar  of  commerce.  It  may  be  formed  artificially  by  heating  arsenious 
acid  with  about  half  its  weight  of  sulphur,  until  the  mixture  is  brought  into 
a  state  of  perfect  fusion.  The  cooled  mass  is  crystaline,  transparent,  and 
of  a  ruby  red  color,  and  may  be  sublimed  in  close  vessels  without  change. 

712.  Sesquisulphuret  of  Arsenic, — Orpiment^  or  sesquisulphuret  of  arse- 
nic is  often  found  native,  but  it  may  also  be  prepared  by  fusing  together 

presence  of  the  substance  would  be  objectionable,  he  proposes  to  scent  with 
oil  of  lavender,  by  which  it  would  always  be  distinguished  from  other  sub- 
stances  of  the  kind. 

With  regard  to  this  plan  we  may  remark  that  it  might  succeed  if  all  the 
arsenious  acid  in  the  world  should  pass  through  the  hands  of  a  single  person 
who  would  attend  to  it,  but  as  circumstances  are,  it  is  iuot^  \.\\^tv  ^o^3^c)^!l\:\\ 


B  the  year  179?,  by  T    , 
I,  tte  BaliTe  dichromate  of  td 
'  beoi  drtecied  in  tbe  tnineral  tit 
Dpoimdof  the  oxides  of  chromiomri    **^ 
iran.  wtMcli  ocean  abaBdauOy  in  aeraal  parts  of  this  a    ^ 
Mber  eoanliiea.     II  dmres  its  name  from  xr^f-,  eobr,     ^ 
alhiHon  (o  the  varied  and  brilliancy  (tf'  the  colot^  of  its  cc 


MelalUc  cfaroadmn  may  be  obtained  by  exposing  its  oiid 
ndxei  with  charcoal,  to  tbe  most  intense  beat  of  a  smilL- 
forge ;  but  owing  to  its  strong  affinity  for  oxygen,  the  rediw 
tion  is  extremely  difficult    Chromium  has  a  white  color,  willt| 
a  shade  of  yellow,  and  a  distinct  metallic  lostre.    It  is  a  bri 
metal,  very  fusible,  and  with  difficulty  attacked  by  acids,  e. 
by  the  nitro-hydrochloric.    Its  specific  gravity  is  abotit  i 
When  foiled  with  nitre  it  is  oxydized,  and  converted  1 
chromic  acid. 


Them  an  but  two  compoanda  of  these  su 
•od  Ghromic  acid. 

CAromiam.  Oxyiren.      Ejain.     SmUm, 
3bI.  +  3^ 80 CriOj 


Swquioxlde  . . 


Chto, 


-  3eq... 
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71S.  Sitguioxidt  of  Chromium. — Thi>,  the  only  known  oiide  of  chro- 
inium,  ii  prapRred  b;  dimolting  chromale  of  pntaBsa  in  water,  and  iniiine 
it  with  BnalultonornUrileof  protoiidoormercury,wbeDBii  Drange-colored 
pMclpltata,  ahroniala  of  Ihal  oiide,  aulwidi^.  On  besting  Uiis  eall  in  red- 
tiCMi  111  BTi  snrlhon  cru'-ibla,  the  mercury  is  dissipated  in  vapor,  and  th« 
ahrDDiio  acid  ia  reaolvad  into  oxygen  and  oxide  of  chromium. 

Oxide  of  cbrominm  is  of  a  green  color,  exceed ing-ly  infiisible,  nnd  suffen 
cIungB  i-y  bcoL     It  is  iiisoliible  in   water,  and  oiler  being  strongly 
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ated,  resists  the  action  of  the  most  powerful  acids.  Fused  with  borax  or 
treous  substances,  it  communicates  to  them  a  beautiful  green  color,  a  pro- 
irty  which  affords  an  excellent  test  of  its  presence,  and  renders  it  exceed- 
ely  useful  in  the  arts.  The  emerald  owes  its  color  to  the  presence  of  this 
Dde. 

716.  Chromic  Acid. — This  acid  is  best  prepared  by  transmitting  the 
iseous  fluoride  of  chromium  into  water  contained  in  a  vessel  of  silver  or 
buinum,  when  by  mutual  decomposition  of  the  gas  and  the  water,  hydro- 
Qoric  and  chromic  acids  are  generated ;  the  former  is  then  expelled  by 
raporating  the  solution  to  dryness,  and  the  latter  in  a  pure  state  remains. 

By  proper  precautions  this  acid  may  be  obtained  in  the  form  of  acicular 
78tals  of  a  cinnabar  red  color. 

Pure  dry  chromic  acid  is  black  while  warm,  and  of  a  dark  red  color 
hen  cold.    It  is  very  soluble  in  water,  rendering  it  red  or  yellow,  according 

the  degree  of  dilution  ; — when  the  solution  is  concentrated  by  heat  and 
lowed  to  cool,  it  deposites  red  crystals,  which  deliquesce  readily  in  the 
r.  lis  taste  is  sour,  and  with  alkalies  it  acts  as  a  strong  acid.  It  is  con- 
rted  into  the  green  oxide,  with  evolution  of  oxygen,  by  exposure  to  a 
rong  heat.  It  destroys  the  color  of  indigo,  and  of  most  vegetable  and 
limal  coloring  matters ;  a  property  advantageously  employed  in  calico- 
inting,  and  which  manifestly  depends  on  the  facility  with  which  it  is 
prived  of  oxygen. 

Chromic  acid  is  characterized  by  its  color,  and  by  forming  colored  salts 
ith  alkaline  bases. 

The  chlorides,  bromides,  iodides,  fluorides,  sulphurets,  and  phosphurets 
chromium  are  omitted,  as  possessing  nothing  to  render  them  of  peculiar 
terest 


VANADIUM. 

Symbol  V;  Equivalent  68.5. 

717.  VANADroM,  so  called  from  Vanadia^  the  name  of  a  Scandinavian 
ity,  was  discovered  in  the  year  1830  by  Professor  Sefstrom,  of  Fahlun, 

iron  prepared  from  the  iron  ore  of  Jabcrg,  in  Sweden.  Soon  after  Sef- 
rom*s  discovery,  the  same  metal  was  found  by  Johnston,  of  Durham, 

a  mineral  from  Wanlockhead,  in  Scotland,  where  it  occurs  as  a  vanadiate 
'  oxide  of  lead.  A  similar  mineral,  found  at  Zimapan,  in  Mexico,  was 
[amined  in  the  year  1801,  by  Professor  Del  Rio,  who,  in  the  belief  of 
Lving  discovered  a  new  metal,  gave  it  the  name  of  Erythronium,  appa- 
intly  from  the  red  color  of  its  acid ;  but  as  Collet  Descotils,  on  being 
>pealed  to,  declared  the  mineral  to  be  chromate  of  lead,  Del  Rio  abandoned 
is  own  opinion  in  deference  to  a  higher  authority.  Thus  have  three  per- 
»ns  noticed  the  existence  of  vanadium,  without  the  knowledge  of  each 
iier*8  labors. 

This  metal,  in  many  of  its  properties,  appears  to  be  intermediate  between 
iromium  and  uranium.  It  forms  with  oxygen  two  oxides  and  one  acid, 
illed  vanadic  acid^*  and  combines  also  with  several  other  simple  non-me- 
illic  elements. 


*  An  excellent  writing  ink,  it  is  said,  may  be  made  from  vanadiate  of  am- 
lonia,  and  infusion  of  galls. — Berzelius. 
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MOLYBDENUM. 

Symbol  Mo ;  Equivalent  A7.7. 

718.  This  is  a  white,  brittle  metal,  and  so  very  infusible  that  it  has  never 
yet  been  perfectly  fused.  It  is  separated  from  its  ore,  the  native  sulphare^ 
with  considerable  difficulty.  Neither  the  metal  or  any  of  its  compomidil 
have  ever  yet,  it  is  believed,  been  applied  to  any  useful  purpose.  ThenanM 
was  formerly  applied  to  all  light,  friable,  mineral  substances  of  a  dark  cdor 
and  peculiar  greasy  feeling,  as  plumbago  or  black  lead  (448,  674),  wHii 
which  it  was  formerly  confounded ;  but  its  color  is  decidedly  blue,  whib 
that  of  plumbago  is  black,  so  that  the  practised  eye  will  easily  distinguish 
between  them.     The  specific  gravity  of  the  pure  metal  is  about  8.6. 

Molybdenum  combines  with  oxygen  in  three  proportions,  forming  tvo 
oxides  and  an  acid.     It  unites  also  with  other  elementary  substances,  as  { 
chlorine,  sulphur,  &c 


TUNGSTEN. 

Symbol  W;  Equivalent  99.7. 

719.  This  metal  derives  its  name  from  the  Swedish  words  T^tng  Stoi| 
heatoy  atone,  from  the  density  of  its  ores ;  it  has  also  been  called  wdfioMt 
from  the  mineral  of  that  name,  which  is  a  tungstate  of  the  oxides  of  iron 
and  manganese. 

The  metal  may  without  difficulty  be  obtained  from  this  ore,  but  it  requirei 
a  very  intense  heat  to  fuse  it  into  a  globule. 

Native  wolfram  is  found  at  Monroe  and  at  Trumbull,  in  the  state  of  Cod- 
nccticut,  as  well  as  in  several  places  in  Europe. 

Like  molybdenum,  this  metal  forms  with  oxygen  two  oxides  and  an  acid 
It  forms  definite  compounds  also  witli  sulphur,  chlorine,  &.c 


COLUMBIUM. 

Symbol  Ta;  Equivalent  185. 

720.  This  metal  was  discovered  in  1801,  by  Hatchett,  who  detected 
it  in  a  black  mineral  belonging  to  the  British  Museum,  supposed  to  have 
come  from  Massachusetts,  and  from  this  circumstance  applied  to  it  the  name 
of  columhium.  About  two  years  af>er,  Ekeberg,  a  Swedish  chemist, 
extracted  the  same  substance  from  tanialite  fund  yttro-tantalite  ;  and,  on  the 
supposition  of  its  being  different  from  columhium,  described  it  under  the 
name  oftantalvm.  The  identity  of  these  metals,  however,  was  established 
in  the  year  1809,  by  Wollaston. 

This  mineral  has  since  been  discovered  at  Haddam  and  Middletown, 
Connecticut ;  and  there  is  some  reason  for  supposing  the  first  specimen  was 
obtained  from  the  same  vicinity. 

Columhium  exists  in  most  of  its  ores  as  an  acid,  united  either  with  the 
oxides  of  iron  and  manganese,  or  with  some  of  the  earths.  This  acid  is 
separated  from  the  ore  by  fusing  it  with  three  or  four  times  its  weight  of 
carbonate  of  potassa,  and  then  decompofiing  the  columbate  of  potassa  that 
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is  formed,  by  an  acid.  By  thia  process  the  colambic  acid  is  precipitated  as 
a  white  hydrate. 

Columbic  acid  is  with  difficulty  reduced  to  the  metallic  state  b^  the  action 
of  heat  and  charcoal ;  but  Berzelius  succeeded  in  obtaining  this  metal  by 
heating  potassium  with  the  double  fluoride  of  potassium  and  columbium. 
On  w^hing  the  reduced  mass  with  hot  water,  in  order  to  remove  the  fluo- 
ride of  potassium,  columbium  is  left  in  the  form  of  a  black  powder.  In 
this  state  it  does  not  conduct  electricity  ;  but  in  a  denser  state  it  is  a  per- 
feet  conductor.  By  pressure  it  acquires  metallic  lustre,  and  has  an  iron- 
grey  color.     It  is  not  fusible  at  the  temperature  at  which  glass  is  fused. 

Several  compounds  of  columbium  with  the  non-metallic  elements  are 
known,  but  no  application  of  any  of  them  has  been  made  in  the  arts. 

This  metal  is  still  called  tantalum  in  some  parts  of  Europe,  whence  its 
symbol. 

ANTIMONY. 

Symbol  Sb ;  Equivalent  64.6. 

721.  Antimony  was  first  made  known  as  a  metal  in  the  15th 
century,  by  Basil  Valentine,  and  is  said  to  derive  its  name 
{arUimoiney  anti-monk,)  from  having  .proved  fatal  to  some  monks, 
to  whom  it  was  given  as  a  medicine.  It  sometimes  occurs 
native ;  but  its  only  ore  which  is  abundant,  and  from  which  the 
antimony  of  commerce  is  derived,  is  the  sulphuret.  This  ore, 
the  stibium  of  the  ancients,  was  long  regarded  as  the  metal 
itself,  and  was  caUed  'antimony^  or  crude  antimony ;  while  the 
pure  metal  weis  termed  the  regiUus  of  antimony. 

Metallic  antimony  may  be  obtained  either  by  heating  the 
native  sulphuret  in  a  covered  crucible,  with  half  its  weight  of 
iron  filings ;  or  by  mixing  it  with  two-thirds  of  its  weight  of 
cream  of  tartar  and  one-third  of  nitre,  and  throwing  the  mix- 
ture, in  small  successive  portions,  into  a  red-hot  crucible.  By 
the  first  process  the  sulphur  unites  with  iron,  and  in  the  second 
it  is  expelled  in  the  form  of  sulphurous  acid ;  while  the  fused 
antimony,  which  in  both  cases  collects  in  the  bottom  of  the 
crucible,  may  be  drawn  oflf  and  received  in  moulds.  The  anti- 
mony thus  obtained  is  not  absolutely  pure ;  and,  therefore,  for 
chemical  purposes,  it  should  be  procured  by  heating  the  oxide 
with  an  equal  weight  of  cream  of  tartar. 

722.  Antimony  is  a  brittle  metal,  of  a  white  color,  running 
into  bluish-grey,  and  is  possessed  of  considerable  lustre.  Its 
density  is  6.7.  At  SIO"^  it  fuses,  and  on  cooling  acquires  a 
highly  lamellated  texture,  and  sometimes  yields  crystals :  like 
arsenic,  but  unlike  most  other  metals,  its  primary  form  is  a 
rhombohedron.  It  has  the  character  of  being  a  volatile  metal; 
but  Thenard  found  that  it  bears  an  intense  white  heat  without 
subliming,  provided  atmospheric  air  be  perfectly  excluded,  and 
no  gaseous  matters,  such  as  carbonic  acid  or  watery  vapor,  be 
disengaged  during  the  process.    Its  surface  does  not  tarnish 

25 
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by  exposure  to  a  dry  atmosphere,  but  if  moisture  is  present,  a 
dark  substance  is  Ibrmed,  wtiith  is  by  some  regarded  as  a  defi- 
nite eompound.  Heated  to  a  white  or  esen  lull  red  heat  in  a 
covered  crucible,  and  then  suddenly  exposed  to  the  air,  it 
inflames,  and  burns  with  a  white  light.  During  the  combus- 
tion a  white  vapor  rises,  which  condenses  on  cool  surfaces,  fre- 
quently in  the  form  of  small  shining  needles  of  silvery  white- 
ness. These  crystals  were  formerly  called  argentine  Jlowerr 
of  antimony. 

Antimony  is  so  very  brittle  that  no  use  can  be  made  of  it  to 
a  state  of  purity ;  but  alloyed  with  other  metals  it  is  much  used 
in  the  arts,  A  native  alloy  of  nickel  and  antimony  is  found  in 
Europe. 


Oiygvn  fbrma  with  anlimnnj 
uid  anlimonic  ucids.    They  ate  t 

A  nlimony.    Oxygen. 
SoHquLO^fL^B - 3  eq.  -\-  Z   oq.- . 


ide  and  two  scids,  the  antimatiitm 
ed  OB  lallowa : 

Erpiiv.    SymiiiM. 

.\5Z3 Sfa,0, 


Antimonic  Hcid a  eq.  +  S  eq 169.S. . .  .SbgOi 

723.  Saquioxidt  of  Atitimany. — This  is  [he  BuUtenoe  romicrly  cbDi 
pncdcT  BJ  Algarath.  It  is  the  baaia  of  thi-  well-knnwn  medicinal  prepti 
tion  culled  tottar  tmctic,  which  U  tlio  tartrate  of  antimon;  uid  potas«a. 

Olan,litier,and  CTOCua  of  aniwumy,  ue  nothing  more  than  mdeBni 
mixtures  of  this  oxide  with  the  Bulphuret  of  antimony.    They  nte  rarmid 
by  roHBlitig  the  natiro  sulphurel  till  a  poilion  of  oxide  i<9  formed,  and  tt 
Titrcfjing  llie  iniitors  with  a  strong  heat 

TS4.  AntiTTUHiiaua  Acid, — When  metallic  antimony  is  digealod  in  iticag 
nitric  acid,  the  metal  is  oijdiied  at  the  eiperiEe  of  the  acid,  and  hydratad 
nntimonic  acid  is  rormod ;  and  on  exposing  this  substance  to  a  red  heat,  it 

fires  out  water  and  oijgen  eas,  and  is  convoited  into  antimonioua  acid, 
t  is  also  generated  when  the  oiide  is  eiposed  to  heat  in  open  Teasels, 
Thus,  on  healing  eulphurct  of  antimony  with  fteo  eiposure  to  the  air,  — ' 
phurouH  acid  ana  sesquioiide  of  ajitiniony  is  generated  ;  but  on  contin 
the  roosting  until  all  Iho  solphur  is  burned,  the  oiido  gradually  ahg 
oxygen  and  passes  into  nntimonious  aeid,  Antimonioua  aeid  ia  while  while 
cold,  but  nequires  a  yellow  lint  when  heated,  ia  very  inrusiblc,  and  flied  in 
llie  lire,  two  elinraclers  by  which  it  is  readily  distinguished  from  the  glide. 
It  is  insoluble  in  water,  and  liiiGwise  in  acids,  atiei  being  betted  tn  redness 
It  combines  in  definite  proportions  with  alkalies,  ond  its  salt*  are  mlled 
animoniiei.  Antimonious  acid  is  precipitated  from  these  Bails  by  acida  u 
a  hydrate,  which  reddens  litmus  paper,  and  is  dissolved  by  hydrochlwie 
and  tartaric  aeids,  though  witliout  appearing  lo  form  ivith  them  definite 

795.  Aniimimic  Jciil,— This  aeid,  some timea  called  pnnaiie  of  aniimony, 
is  obtained  as  a  white  hydrate,  either  by  digesting  the  metal  in  strong  nitric 
acid,  or  by  dissolving  it  in  nilro-hydrochlnrie  acid,  coneenlrotiTig  by  lieot  to 
cipel  Bices*  of  acid,  and  throwing  the  Bolulion  into  water.  When  recently 
precijHtaled  it  ri^ddcns  litmus  paper,  and  may  then  be  dissolved  in  water  by 
means  of  hydrochloric  or  tartaric  acid.    It  does  not  enter  into  dcGnile  com- 
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Duiations  with  acids,  but  with  alkalies  forms  salts,  which  are  called  arUimO' 
nates,  When  hydrated  antimonic  acid  is  exposed  to  a  temperatare  of  500*' 
>r  600°,  the  water  is  evolved,  and  the  anhydrous  acid  of  a  yellow  color 
remains.  In  this  state  it  resists  the  action  of  acids.  When  exposed  to  a 
red  heat,  it  parts  with  oxygen,  and  is  converted  into  antimonious  acid. 

ANTIMONY    AND    CHLORINE. 

Antimony  forms  with  chlorine  three  compounds,  as  follows : 

Antimony.  Chlorine,      Equiv,    Symbols, 

Sesquichloride 2  eq.  +  3  eq 235.46. .  .Sb2Cl3 

Bichloride 2  eq.  -+-  4  eq 270.88. .  .SbaCU 

Perchloride 2  eq.  +  5  eq 306.3  . .  .Sb^Cls 

726.  Sesquichloride  of  Antimonv, — The  sesquichloride  of  antimony  is 
always  formed  when  antimony  in  fine  powder  is  dropped  into  a  jar  of  chlo- 
rine gas.  Spontaneous  combustion  takes  place  between  them  instantly 
upon  their  coming  in  contact  At  common  temperatures  it  is  a  soft  solid, 
and  has  therefore  been  called  btUter  of  antimony.  It  is  liquefied  by  a  very 
gentle  heat,  and  crystalizes  on  cooling. 

727.  The  bichloride  and  perchloride  of  antimony  possess  no  properties 
that  render  them  of  particular  interest 

The  native  sulphuret  of  antimony  is  a  sesquisulphuret  Its  specific 
mvity  is  4.62.  When  this  is  boiled  in  a  solution  of  potassa  or  soda,  a 
uquid  is  obtained,  from  which,  on  cooling,  an  orange-red  matter  is  deposited, 
called  Kermes  mineral.  On  subsequently  neutralizing  the  cold  solution 
with  an  acid,  the  golden  sulphuret  of  the  pharmacopoeia  is  obtained.  These 
eompounds  now  possess  little  interest. 

728.  Antimoniuret  of  Hydrogen  is  formed  whenever  hydrogen  in  its 
nascent  state  is  brought  in  contact  with  this  metal.  The  compound  is 
gaseous,  and  is  colorless  and  insoluble  in  water.  It  much  resembles  arse- 
ninretted  hydrogen ;  but  the  two  compounds  may  easily  be  distinguished 
by  means  before  pointed  out  (708). 


URANIUM. 

Symbol  U;  Equivalent  217. 

729.  Tffls  metal  was  discovered  in  1789,  by  the  German  analyst,  Kla- 
proth,  who  named  it  afler  the  new  planet  Uranus,  the  discovery  of  which 
took  place  in  the  same  year.  It  was  obtained  from  a  mineral  of  Saxony, 
called,  from  its  black  color,  pitch-blende^  which  consists  of  protoxide  of 
uranium  and  oxide  of  iron. 

From  this  ore  the  metal  is  extracted  without  difficulty  ;  it  is  of  a  dark- 
grey  color,  is  fused  with  difficulty,  and  has  a  specific  gravity  of  9. 

With  oxygen  it  unites  in  two  proportions,  the  first  of  which,  or  protoxide, 
is  used  for  painting  black  upon  porcelain.  The  metal  is  known  to  combine 
also  with  chlorine  and  sulphur. 
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CERIUM. 

Symbol  Ce;  Equivalent  46. 

730.  This  metal,  named  aflcr  the  planet  Cei'esi,  was  discoyered  in  1803 
in  a  rare  Swedish  mineral.  It  constitutes  34  per  cent,  as  has  since  been 
determined,  of  the  mineral  called  Allanitef  in  honor  of  its  discoverer,  Mr. 
Allan. 

Cerium  is  a  white,  brittle  metal,  but  its  properties  are  little  known.  It 
forms  two  compounds  with  oxygen,  and  is  capable  of  uniting  also  with 
chlorine  and  sulphur. 

LANTHANUM. 

Symbol  La;  Eqtdvalent        t 

731.  Lanthanum  is  a  new  metal,  recently  discovered  by  Moeander,  usM- 
ciated  with  cerium.  It  receives  its  name  from  Xaytfavw,  /  lurk  or  ehtde,  in- 
all  usion  to  its  having  remained  so  long  concealed  in  thfe  ores  of  ceriami 
Little  is  known  of  its  properties  or  compounds; 


BISMUTH. 

Symbol  Bi;  Eqtdvaleni  71. 

732.  This  metal  was  known  to  the  ancients,  though  often 
confounded  by  them  with  lead  and  tin ;  but  it  appears  to  have 
derived  the  name  of  bismuth^  or  more  properly  wismuth,  froitf 
the  German  miners.  It  occurs  in  the  earth  both  native  and  in 
combination  with  other  substances,  such  as  sulphur,  oxygen* 
and  arsenic.  That  which  is  employed  in  the  arts,  is  derivea 
chiefly  from  native  bismuth,  and  commonly  contains  small 
quantities  of  sulphur,  iron,  and  copper.  It  may  be  obtsdned 
pure  for  chemical  purposes,  by  heating  the  oxide  or  subnitrate 
to  redness,  along  with  charcoal. 

Bismuth  has  a  red  dish- white  color  and  considerable  lustre. 
Its  structure  is  highly  lamellated,  and  when  slowly  cooled, 
it  crystalizes  in  octohedrons.  Its  density  is  about  9.8.  It  is 
brittle  when  cold,  but  may  be  hammered  into  plates  while 
warm.  At  476^  it  fuses,  and  sublimes  in  close  vessels  at  a 
red  heat.  It  is  a  less  perfect  conductor  than  most  other 
metals. 

Bismuth  is  used  in  the  arts  in  combination  with  other  metals, 
but  never,  it  is  believed,  in  its  pure  state. 

It  forms  definite  compounds  with  oxygen,  chlorine,  sulphur, 
and  other  non-metallic  elementary  substances. 
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TITANIUM. 

Symbol  Ti;  Equivalent  24.3. 

733.  This  metal  was  first  recognized  as  a  new  substance  by  Mr.  Gregor, 
and  its  existence  was  afterwards  established  by  Klaproth,  who  fancifully 
gave  it  the  name  of  titanium^  after  the  Titans  of  ancient  &ble.  But  the 
properties  of  the  metal  were  not  ascertained  in  a  satisfactory  manner  until 
the  year  1822,  when  Wollaston  was  led  to  examine  some  minute  crystals 
which  were  found  in  a  slag,  at  the  bottom  of  a  smelting  furnace,  at  the 
great  iron  works  at  Merthyr  Tydvil,  in  Wales. 

Gregor  obtained  it  from  a  mineral  called  menachanite^  which  is  found  in 
the  valley  of  Menachan,  in  Cornwall.  Since  that  time,  it  has  been  disco- 
vered that  the  mineral  called  rutile  is  nearly  pure  titanu:  acidj  and  anataae 
is  composed  solely  of  the  protoxide  of  titanium. 

The  metal  possesses  a  beautiful  copper  red  color,  and  is  so  exceedingly 
hard  that  it  will  scratch  rock-crystal. 

Oxide  of  titanium  has  recently  been  considerably  used  to  color  mineral 
teeth,  in  imitation  of  natural  teeth,  but  the  metal  itself  has  not  yet  been 
applied  to  any  useful  purpose. 

There  are  several  compounds  of  chlorine,  sulphur,  &&,  with  titanium. 


TELLURIUM. 

Symbol  Te;  Equivalent  64.2. 

734.  Tellurium  is  a  rare  metal,  hitherto  found  only  in  the  gold  mines 
of  Transylvania,  and  even  there  in  very  small  quantity.  It  was  discovered 
in  1798,  by  Klaproth,  who  gave  it  the  name  of  tellurium,  from  tellus,  the 
ear<A,  suggested  by  the  source  from  which  he  drew  the  name  of  uranium. 
It  occurs  in  the  metallic  state,  chiefly  in  combination  with  gold  and  silver. 

Tellurium  has  a  tin-white  color,  running  into  lead-grey,  a  strong  metallic 
lustre,  and  lamellated  texture.  It  is  very  brittle,  and  its  density  is  6.14.  It 
fuses  at  a  temperature  below  redness,  and  at  a  red  heat  is  volatile.  When 
heated  before  the  blowpipe  it  takes  fire,  burns  rapidly  with  a  blue  flame 
bordered  with  green,  and  is  dissipated  in  grey-colored,  pungent,  inodorous 
fumes. 

It  has  been  doubted  by  some  whether  this  substance  should  not  be  classed 
with  sulphur,  selenium,  &c.,  as  a  non-metallic  element,  rather  than  with 
the  metals,  where  it  is  usually  placed  by  English  chemists.  One  reason 
given  for  refusing  it  a  place  among  the  metals,  is  the  fact  that  it  is  dissolved 
in  concentrated  sulphuric  acid  without  being  oxydized,  which  is  not  the 
case  with  any  acknowledged  metal. 

It  is  capable  of  uniting  with  oxygen,  chlorine,  sulphur,  and  hydrogen. 


COPPER. 

Symbol  Cu;  Equivalent  31.6. 

735.  Copper  is  one  of  the  most  abundant  of  the  metals,  and 
was  well  known  to  the  ancients.     Native  copper  is  by  no 
means  uncommon,  being  found  more  or  less  in  most  copper 
25* 
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mines ;  it  occurs  in  large  amorphous  masses  in  some  parts  of 
America,"  and  is  somelimea  met  with  in  oclohedra]  crystals,  or 
in  some  of  the  forms  allied  to  the  octohedron. 

This  metai  received  its  Latin  name,  ctiprum,  (from  which  the 
English  name,  copper,  is  derived,)  from  the  circumstance  that 
It  was  first  discovered  in  the  island  of  Cyprus,  in  the  Medi- 
terranean, or  at  least  was  first  wrought  there  to  any  considera- 
ble extent. 

The  copper  of  commerce  is  extracted  chiefly  from  the  native 
sulphuret ;  especially  from  copper  pyrites,  a  double  sulphuret 
of  iron  and  copper;  but  much  is  also  obtained  from  theosides. 
Carbonate,  phosphate,  silicate,  sulphate,  and  other  salts  of 
copper,  are  found  native. 

The  metal  is  extracted  from  the  oxides  and  the  native  car- 
bonate by  simply  heating  them  with  charcoal  in  a  wind  fnr- 
nace,  but  the  sulphurets  are  reduced  with  much  more  diffi- 
culty, 

736.  Copper  is  distinguished  from  all  other  metals,  titanimn 
excepted,  by  having  a  red  color.  It  receives  a  considerable 
]ustre  by  polishing.  Its  density,  when  fused,  is  8.B,  and  is 
increased  by  hammering.  It  is  tioth  ductile  and  malleable, and 
in  tenacity  is  inferior  only  to  iron.  It  is  hard  and  elastic,  and 
consequently,  sonorous.  Its  point  of  fusion  is  1996°,  being  k 
fusible  than  silver  and  more  so  than  gold. 

Copfter  undergoes  little  change  m  a  perfectly  dry  atmo- 
sphere; but  is  rusted  in  a  short  time  by  exposure  to  air  Knd 
moisture,  being  converted  into  a  green  substance,  carlionate 
of  the  black  oxideof  copper.  At  a  red  heat  it  absorbs  oxygen, 
and  Is  converted  into  black  scales  of  oxide.  It  is  attacked  with 
difficulty  by  hydiochloric  and  sulphuric  acids,  and  not  at  all 
by  solutions  of  the  vegetable  acids,  if  atmospheric  air  be  ex- 
cluded ;  but  if  air  have  free  access,  the  metal  absorbs  oxygeR 
with  rapidity,  the  attraction  of  the  acid  for  the  oxide  of  copper 
co-operating  with  that  of  the  copper  for  oxygen.  Nitric  acid 
acts  with  violence  on  copper,  forming  a  nitrate  of  the  black 
oxide. 


737.  Copper,  in  its  separate  state,  is  used  extensively  in 
arts  for  various  important  purposes,  and  it  also  forms  with 
several  other  metals  many  very  useful  alloys. 

With  tin,  copper  forms  several  valuable  alloys,  which  are 
characterized  by  their  sonorousness.  Bronze  is  an  alloy  of 
copper  with  about  eight  or  ten  per  cent,  of  tin,  together  with 
small  quantities  of  otiier  metals,  which  are  not  essential  to  the 
compound.    Cannons  are  cast  with  an  alloy  of  a  similar  kind. 


1  cofpet  viae  diacovBred 
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The  best  heU^metal  is  composed  of  80  parts  of  copper  and 
20  of  tin ; — the  Indian  gong,  celebrated  for  the  richness  of  its 
tones,  contains  copper  and  tin  in  this  proportion.  A  specimen 
of  Elnglish  bell-metal  was  found  by  Thompson  to  consist  of 
80  parts  of  copper,  10.1  of  tin,  5.6  of  zinc,  and  4.3  of  lead. 
Lead  and  antimony,  though  in  small  quantity,  have  a  remark- 
able effect  in  diminishing  the  elasticity  and  sonorousness  of  the 
compound.  Speculum-metal,  with  which  mirrors  for  telescopes 
are  made,  consists  of  about  two  parts  of  copper  and  one  of  tin. 
The  whiteness  of  the  alloy  is  improved  by  the  addition  of  a 
little  arsenic. 

Copper  and  zinc  unite  in  several  proportions,  forming  alloys 
of  great  importance  in  the  arts.  The  best  brass  consists  of 
four  parts  of  copper  to  one  of  zinc ;  and  when  the  latter  is  in 
a  greater  proportion,  compounds  are  generated  which  are  called 
io7it6ac,  Dutch  gold,  and  pinchbeck.  The  white  copper  of  the 
Chinese  is  composed  of  40.4  parts  of  copper,  25.4  of  zinc,  31.6 
of  nickel,  and  2.6  of  iron. 

738.  The  art  of  tinning  copper  consists  in  covering  that  metal 
with  a  thin  layer  of  tin,  in  order  to  protect  its  surface  from 
rusting.  For  this  purpose,  pieces  of  tin  are  placed  upon  a  well- 
polished  sheet  of  copper,  which  is  heated  sufficiently  for  fusing 
the  tin.  As  soon  as  the  tin  liquefies,  it  is  rubbed  over  the 
whole  sheet  of  copper ;  and,  if  the  process  is  skilfully  con- 
ducted, adheres  uniformly  to  its  surface.  The  oxydation  of 
the  tin,  a  circumstance  which  would  entirely  prevent  the  suc- 
cess of  the  operation,  is  avoided  by  employing  fragments  of 
resin  or  muriate  of  ammonia,  and  regulating  the  temperature 
With  great  care.  The  two  metals  do  not  actually  combine; 
but  the  adhesion  is  certainly  owing  to  their  mutual  affinity. 
Iron,  which  has  a  weaker  attraction  than  copper  for  tin,  is 
tinned  with  more  difficulty  than  that  metal. 

Antimony  and  copper  form  an  important  alloy  with  tin,  called 
Britannia  metal. 

An  alloy  of  copper  with  a  tenth  part  of  arsenic  is  so  very 
similar  in  appearance  to  silver,  that  ii;  is  sometimes  substituted 
for  it 

German  silver,  which  has  been  recently  so  much  in  use  for 
various  purposes,  is  an  alloy  of  copper  with  nickel  and  zinc. 
The  proportions,  it  is  believed,  are  variable. 

Ekjual  parts  of  copper  and  zinc  forms  hard  solder,  which  is 
used  in  soldering  together  pieces  of  brass. 

COPPER    AND    OXYGEN. 

It  is  generally  believed  there  are  three  oxides  of  copper, 
though  some  have  enumerated  only  two.  They  are  the  di, 
proto,  and  bi  or  per  oxides,  which  are  composed  aa  fo>X.o^^\ 
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Cfftr.    Oxfgem,    Eqmh,    SjfaMi 

Dioxide 2eq.  +  1  eq 71.2. ..CuaO 

Protoxide 1  eq.  -f  1  eq 39.6. .  .CuO 

Binoxide 1  eq.  -f-  2  eq 47.6. .  .CuO, 

730.  Red,  or  Dioxide  of  Copper. — ^This  compoand  occurs 
native  in  the  form  of  octohedraiJ  crystals,  and  is  found  of  pecOf 
Har  beauty  in  the  mines  of  Cornwall.  It  may  be  prepared  arti- J 
ficially  by  heating,  in  a  covered  crucible,  a  mixture  of  SlJS^ 
parts  of  copper  Sings  with  39.6  of  the  black  oxide ;  or  st2l 
better,  by  arranging  thin  copper  plates  one  above  the  other, 
with  interposed  strata  of  the  black  oxide,  and  exposing  them 
to  a  red  heat  carefully  protected  from  the  air.  Another  method 
is  by  boiling  a  solution  of  acetate  of  protoxide  of  copper  with 
sugar,  when  the  suboxide  subsides  as  a  red  powder.  ItB 
specific  gravity  is  6.1. 

This  oxide  is  red  only  when  pure;  in  the  state  of  a  hydrate 
its  color  is  orange-yellow. 

740.  Black  Oxide, — This  compound,  the  copper  black  of" 
mineralogists,  is  sometimes  found  native,  being  formed  by  the 
spontaneous  oxydation  of  other  ores  of  copper.  It  may  be  pre* 
pared  artificially  by  calcining  metallic  copper,  by  precipitation 
from  the  salts  of  copper  by  means  of  pure  potassa,  and  by  halt- 
ing nitrate  of  copper  to  redness.  It  varies  in  color  from  a  dark 
brown  to  a  bluish-black,  according  to  the  mode  of  formation, 
and  its  density  is  6.4.  It  undergoes  no  change  by  heat  alone, 
but  is  readily  reduced  to  the  metallic  state  by  heat  and  com- 
bustible matter.  It  is  insoluble  in  water,  and  does  not  affect 
the  vegetable-blue  colors.  It  combines  with  nearly  all  the  acids, 
and  most  of  its  salts  have  a  green  or  blue  tint.  It  is  soluble 
likewise  in  ammonia,  forming  with  it  a  deep  blue  solution,  a 
property  by  which  protoxide  of  copper  is  distinguished  fi"om 
all  other  substances. 

Copper  is  separated  in  the  metallic  state  from  the  solution  of 
its  salts  by  a  rod  of  iron  or  zinc.  The  copper  thus  obtained, 
after  being  digested  in  a  dilute  solution  of  hydrochloric  acid,  is 
almost  chemically  pure. 

The  best  mode  of  detecting  copper,  when  supposed  to  be 
present  in  mixed  fluids,  is  by  hydrosulphuric  acid.  The  sul- 
phuret,  after  being  collected  and  heated  to  redness,  ill  order  to 
char  organic  matter,  should  be  placed  on  a  piece  of  porcelain, 
and  digested  in  a  few  drops  of  nitric  acid.  Sulphate  of  prot- 
oxide of  copper  is  formed,  which,  when  evaporated  to  dryness, 
strikes  the  characteristic  deep  blue  tint  on  the  addition  of 
ammonia. 

741.  Binoxide  of  Copper. — This  oxide  was  prepared  by  Thenard,  by  the 
action  of  peroxide  of  hydrogen  apoo  the  black  oxide  just  described. 
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CHLORINE    AND    COPPER. 

There  are  two  chlorides  of  copper,  exactly  corresponding  in  composition 
to  the  di  and  protoxides. 

Copper.    Chlorine,      Equiv.      Symbols. 

INchioride 2  eq.  4-  1  eq 9a6 Cu^Cl 

Protochloride 1  eq.  +  1  eq... . .  .'.67    CuCl 

7^.  Dichlaride  of  Copper. — When  copper  filings  are  introduced  into  an 
Htmosphere  of  chlorine  gas,  the  metal  takes  fire  spontaneously,  and  both  the 
chlorides  are  generated.  The  dichloride  may  be  conveniently  prepared  by 
hesting  copper  filings  with  twice  their  weight  of  corrosive  sublimate.  It 
been  prepared  in  different  ways,  and  called  resin  of  copper^  and  white 
of  copper.  It  is  slowly  deposited  in  crystaline  grains,  when  the 
solution  of  chloride  of  copper  is  kept  in  a  corked  bottle,  in  contact 
■with  metallic  copper. 

It  is  insoluble  in  water,  but  dissolves  in  hydrochloric  acid,  and  is  pre> 
«npitated  unchanged  by  water  as  a  white  powder.  Its  color  varies  with  the 
■feode  of  preparation,  being  white,  yellow,  or  dark  brown.  It  is  apt  to  absorb 
9sjgen  from  the  atmosphere,  forming  a  gfreen-colored  compound  of  oxide 
and  chloride  of  copper ;  a  change  to  which  the  dichloride  prepared  in  the 
iDoiflt  way  is  peculiarly  prone* 

743.  Chloride  of  Copper, — The  chloride  of  copper  is  obtained  in  solution 
^a  green  color  by  dissolving  protoxide  of  copper  in  hydrochloric  acid,  and 
crystalizes  by  due  concentration  in  green  needles,  which  are  deliquescent 
and  very  soluble  in  alcohd.  When  heated,  they  fiise,  lose  water,  and  tlie 
VDhydroQs  chloride,  in  form  of  a  yellow  powder,  is  left ;  but  the  heat  must 
Bot  exceed  400°,  as  beyond  that  degree  the  chloride  loses  half  its  chlorine^ 
and  is  converted  into  the  dichloride. 

There  are  also  several  sulphurets,  pbosphurets,  and  other  binary  com- 
pounds  of  copper.  The  disulphuret  is  the  copper  glance  of  mineralogists, 
and  the  protosulphuret  is  a  constituent  oi  copper  pyrites. 


LEAD. 
Symbol  Pb ;  Equivalent  103.6. 

744.  This  metal  was  well  known  to  the  ancients.  As  a  native 
production  it  is  very  rare;  but  in  combination  with  sulphur  it 
occurs  in  great  quantity. 

Besides  this  there  are  no  less  than  twenty-six  other  ores  of 
this  metal.  All  the  lead  of  commerce,  however,  is  extracted 
from  the  native  sulphuret,  the  galena  of  mineralogists.  This 
ore,  in  the  state  of  coarse  powder,  is  heated  in  a  reverberatory 
furnace,  with  the  occasional  addition  of  quicklime,  by  which 
the  sulphuric  acid  formed  is  immediately  taken  up.  But  the 
lead  prepared  in  this  way  is  seldom  if  ever  quite  pure,  often 
containing  a  little  copper  or  iron,  and  especially  silver. 

A  small  proportion  of  silver  is  almost  always  contained  in 
the  native  sulphuret  of  lead ;  and  sometimes  is  so  abundant 
that  the  ore  is  worked  for  the  silver  it  contains,  rather  than  for 
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the  lead.    In  such  cases,  most  of  the  lead  is  separated  in  the 
form  of  litharge,  from  (xi^oj  apytyos^)  (7^)- 

745.  Lead  has  a  bluish-grey  color,  and  when  recently  cut,  a 
stronir  metallic  lustre ;  but  it  soon  tarnishes  by  exposure  to 
the  air,  acquiring  a  very  superficial  coating,  beyond  which  the 
action  does  not  seem  to  extend.  Its  specific  gravity  is  11.38. 1  ^ 
Jt  is  soil,  flexible,  and  inelastic.  It  is  both  malleable  and  doc- 1  'j 
til^,  possf^ssing  the  former  property  in  particular  to  a  considen- 1|^ 
ble  cxtf*iit.  In  tenacity,  it  is  inferior  to  all  ductile  metals,  ft  ^ 
fuses  at  about  012^,  and  when  slowly  eooled  forms  octohednd 
crystals.  It  may  be  heated  to  whiteness  in  close  vessels  with- 
out subliming. 

Lead  absorbs  oxygen  quickly  at  high  temperatures.  When 
fusod  in  open  vessels,  a  grey  film  is  formed  upon  its  suii&ce^ 
which  is  a  mixture  of  metallic  lead  and  protoxide;  and  whenL'i 
strongly  heated  it  is  dissipated  in  fumes  of  the  protoxide,  b 
distilled  water,  previously  boiled  and  preserved  in  close  ves- 
sels, it  undergoes  no  change ;  but  in  open  vessels  it  is  oxydized 
with  considerable  rapidity,  yielding  minute,  shining,  brilliantly 
white,  crystaline  scales  of  carbonate  of  the  protoxide,  the  oxy- 
gen and  the  carbonic  acid  being  derived  fi*om  the  air.  The 
presence  of  saline  matter  in  water  retards  the  oxydation  of 
the  lead ;  and  some  salts,  even  in  very  minute  quantity,  prevent 
it  altogether. 

7'IG.  This  protecting  influence  of  some  salts  has  long  been 
known ;  but  it  is  only  within  a  very  recent  period,  it  has  been 
determined  that  their  preservative  power  is  materially  con- 
nected with  the  insolubility  of  the  compound  which  the  add 
of  the  salt  is  capable  of  forming  with  lead.  Thus,  phosphates 
and  sulphates,  as  well  as  chlorides  and  iodides,  are  highly 
preservative ;  so  small  a  quantity  as  ^TrVjnr  P^>^  of  phosphate 
of  soda  or  iodide  of  potassium  in  distilled  water  preventing 
the  corrosion  of  lead.  In  a  preservative  solution  the  metd 
gains  weight  during  some  weeks,  in  consequence  of  its  surface 
gradually  acquiring  a  superficial  coating  of  carbonate,  which 
is  slowly  deposited  by  the  saline  matter  of  the  solution.  The 
metallic  surface  being  thus  covered  with  an  insoluble  film,  which 
adheres  tenaciously,  all  further  change  ceases.  Many  kinds  j, 
of  spring-water,  owing  to  the  salts  which  they  contain,  do  not  \ 
corrode  lead :  and  hence,  though  intended  for  drinking,  it  may  ' 
be  safely  collected  in  leaden  cisterns. 

Lead  is  not  attacked  by  the  hydrochloric  or  the  vegetable 
acids,  though  their  presence,  at  least  in  some  instances,  accele- 
rates the  absorption  of  oxygen  from  the  atmosphere  in  the 
same  manner  as  with  copper.  Cold  sulphuric  acid  does  not  act 
upon  it ;  but  when  boiled  in  that  liquid,  the  lead  is  slowly  oxy- 
dized  at  the  expense  of  the  acid.  The  only  proper  solvent  for 
lead  is  nitric  acid.  This  resigent  oxydizes  it  rapidly,  and  forms 
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s  oxide  a  salt,  which,  crystalizes  in  opaque  octohedrons 
poration. 

ALLOYS     OF    LEAD. 

Lead  like  copper  forms  with  several  other  metals  many 
seful  alloys. 

and  lead  unite  readily  when  fused  together,  constituting 
of  which  two  kinds  are  distinguished.  The  alloy  called 
Ider,  consists  of  two  parts  of  tin  and  one  of  lead,  fuses  at 
360^,  and  is  much  employed  in  tinning  copper.  The 
solder  contains  J  of  tin,  fuses  at  about  SX)^,  and  is  the 
ace  used  for  soldering  by  glaziers.  Thus,  by  varying 
itive  quantity  of  the  metals,  a  solder  of  different  fusibility 
3  obtained.  The  process  of  hard  soldering,  or  brazing, 
ch  two  surfaces  of  copper  are  cemented  together,  is  done 
ard  solder,  which  is  made  by  fusing  together  brass  and 
;he  copper  requires  to  be  heated,  when  this  solder  is 
o  near  its  point  of  fusion, 
t  of  the  alloys  of  tin  and  lead,  made  in  atomic  proportion, 

specific  gravity  less  than  their  calculated  density  ;  from 
it  is  manifest  tliat  they  expand  in  uniting.  The  amal' 
581)  of  lead  and  tin,  on  the  contrary,  occupy  less  space 
Combined  than  their  elements  did  previously, 
alloyed  with  small  quantities  ol  antimony,  copper,  and 
;h,  forms  the  best  kind  of  pewter.  Inferior  sorts  contain 
;  proportion  of  lead. 

lead,  and  bismuth,  form  an  alloy  which  is  fused  at  a 
rature  below  212°.  The  best  proportion  is  8  parts  of 
th,  5  of  lead,  and  3  of  tin. 

illoy  of  three  parts  of  lead  to  one  of  antimony  constitutes 
bstance  of  which  types  for  printing  are  made, 
i  shot  is  made  of  an  alloy  of  lead  and  arsenic.     The 
c  is  added  to  facilitate  the  manufacture. 

LEAD    AND     OXYGEN. 

gen  forms  with  lead  three  compounds,  besides  the  red 
which  is  composed  of  2  equivalents  of  the  protoxide  and 
)f  the  peroxide.    Their  composition  will  appear  from  the 
ing  table : 

Lead.     Oxygen.       Equiv.       SyjnhoU. 

oxide 2eq.  -f  1  eq 215.2 PbaO 

toxide 1  eq.  +  1  eq 111.6 PbO 

Dxide 1  eq.  +  2  eq 119.6. ..  .PbOa 

,       .,^  S    Protoxide  2  eq.    }    oac^q 

^^^»^^ \    Peroxide    1  eq.    \   ^^^'^ 

oxide  of  lead  is  always  an  artificial  production,  and  is 
ible  of  combining  with  acids  to  form  salts. 

Protoxide  of  Lead. — This  oxide  is  prepared  on  a  large 
by  collecting  the  grey  film  which  forms  on  the  surface  of 
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nipltcd  lead,  and  exposing  it  to  heat  and  air  until  it  acquires 
11  niforni  yellow  color.  In  this  state  it  is  the  massicot  of  commer 
and  when  partially  fused  by  heat,  the  term  litharge  (744) 
nj)plied  to  it.    As  thus  procured,  it  is  always  mixed  with 
rod  oxide.    It  may  be  obtained  pure  by  adding  ammonia  I 
cold  solution  of  nitrate  of  protoxide  of  lead  until  it  is  &inl 
alkaline,  washing  the  precipitated  subnitrate  with  cold  wato; 
and  when  diy,  heating  it  to  a  moderate  redness  for  an  hour' 
a  platinum  crucible.    An  open  fire  should  be  used,  and 
care  taken  to  prevent  combustible  matter  in  any  form 
contact  with  the  oxide. 

Protoxide  of  lead  is  red  while  hot,  but  has  a  rich  lemon- 
low  color  when  cold,  is  insoluble  in  water,  fuses  at  a  bright 
heat,  and  is  fixed  and  unchangeable  in  the  fire.    Its  dei 
is  9.42.    The  fused  protoxide  has  a  highly  foliated  texture, 
is  very  tough,  so  as  to  be  pulverized  with  difficulty. 

749.  This  oxide  combines  readily  with  oils,  and  is  the 
used  by  painters  in  the  form  of  litharge,  as  a  drier, 
with  olive  oil  and  a  small  quantity  of  water,  it  forms  the 
chylon  of  pharmacopoeias,  which  is  much  used  in  medicine 
the  formation  of  various  plasters.  The  elements  of  oil,  it  is 
posed,  undergo  a  change,  and  two  acids  are  formed,  the  oi 
and  margaric^  which  combine  with  the  oxide  of  ]ead,aswill 
explained  in  the  third  part  of  this  work. 

It  is  capable  also  of  combining  with  some  of  the  alkalies 
earths,  forming  compounds  which  are  more  or  less  soluble, 
body  of  this  kind,  formed  by  boiling  lime  and  litharge  togethi 
is  capable  of  crystalizing,  and  has  been  used  for  coloring 
hair  black.  The  sulphur  contained  in  the  hair  combines  wr 
the  lead,  and  forms  in  the  substance  of  the  hair  the  black  sul-! 
phuret  of  lead,  which  serves  as  a  coloring  matter  and  is  not' 
liable  to  change. 

The  best  method  of  detecting  the  presence  of  lead  in  wine  or 
other  suspected  mixed  fluids,  is  by  means  of  hydrosulphuric 
acid.  The  sulphuret  of  lead,  after  being  collected  on  a  filter 
and  washed,  is  to  be  digested  in  nitric  acid  diluted  with  twice 
its  weight  of  water,  until  the  dark  color  of  the  sulphuret  disap- 
pears. The  solution  of  the  nitrate  should  then  be  brought  to 
perfect  dryness  on  a  watch-glass,  in  order  to  expel  the  excess 
of  nitric  acid,  and  the  residue  be  redissolved  in  a  small  quantity 
of  cold  water.  On  dropping  a  particle  of  iodide  of  potassium 
into  a  portion  of  this  liquid,  yellow  iodide  of  lead  will  instantly 
appear. 

Protoxide  of  lead  unites  readily  with  earthy  substances, 
forming  with  them  a  transparent  colorless  glass.  Owing  to 
this  property  it  is  much  employed  for  glazing  earthenware 
and  porcelain.  It  enters  in  large  quantity  into  the  composi- 
tion of  flint-glass,  which  it  renders  more  fiisible,  transparent, 
and  uniform. 
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Lead  is  separated  from  its  salts  in  the  metallic  state  by  iron 
or  zinc.  The  best  way  of  demonstrating  this  fact  is  by  dis- 
solving 1  part  of  acetate  of  protoxide  of  lead  in  24  of  water,  and 
suspending  a  piece  of  zinc  in  the  solution  by  means  of  a  thread. 
The  lead  is  deposited  upon  the  2dnc  in  a  peculiar  arborescent 
form,  giTing  rise  to  the  appearance  called  arbor  Saturni. 

750.  Peroxide  of  Lead. — This  compound  is  always  an  artifi- 
cial production.  It  is  incapable  of  uniting  as  a  peroxide  with 
the  acids,  and  by  heat  is  converted  into  the  protoxide. 

When  eight  parts  of  this  oxide  are  mixed  with  two  and  a 
half  parts  of  pure  dry  tartaric  acid  in  a  dry  capsule,  ignition 
very  soon  takes  place  throughout  the  whole  mass,  which  is 
very  vivid,  and  of  long  duration.  Other  vegetable  acids  used 
in  the  same  manner  with  this  oxide,  produce  a  similar  effect. 

751.  Red  Oxide, — This  oxide,  the  red  lead,  or  minium  of  com- 
merce, is  employed  as  a  pigment,  and  in  the  manufacture  of 
flint-glass.  It  is  formed  by  oxydizing  lead  by  heat  and  air 
without  allowing  it  to  fuse,  and  then  exposing  it  in  open  ves- 
sels to  a  temperature  of  600^  or  700^,  while  a  current  of  air 
plays  upon  its  surface.  It  slowly  absorbs  oxygen,  and  is  con- 
verted into  minium. 

This  oxide  does  not  unite  with  acids.  When  heated  to  red- 
ness it  gives  off  pure  oxygen  gas,  and  is  reconverted  into  the 
protoxide.  When  digested  in  nitric  acid  it  is  resolved  into  prot- 
oxide and  peroxide  of  lead,  the  former  of  which  unites  with  the 
acid,  while  the  latter  remains  as  an  insoluble  powder. 

It  is  said  that  the  deep  red  color  can  be  produced  only  when 
large  quantities  are  prepared  at  the  same  time. 

752.  Chloride  of  lead  occurs  as  a  natural  production  under  the  name  of 
horn  lead  or  cerasite.     It  may  also  be  formed  artificially. 

753.  Iodide  of  lead^  which  is  always  an  artificial  production,  is  distin- 
guished for  its  beautiful  yellow  color. 

The  bromide,  fluoride,  sulphuret,  phosphuret,  and  carburet  of  lead,  possess 
nothing  to  excite  special  interest 


SECTION   VII. 

METALS,    THE    OXIDES    OF   WHICH   ARE    REDUCED   TO   THE   METALLIC 

STATE    BY   A   RED   HEAT. 

MERCURY,    OR  aUICKSILVER. 

Symbol  Hg;  Equivalent  202. 

754.  This  metal  was  well  known  to  the  ancients.     The  prin- 
cipal mines  from  which  it  is  obtained,  are  those  of  Idria  in 
Carniola,  and  Almaden  in  Spain ;  but  it  is  also  found  in  Italy, 
South  America,  in  the  East  Indies,  in  Siberia,  and  in  very  small 
26 
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quantitiea  in  England  and  France.  It  occurs  in  five  different 
stales,  constituting  five  different  species  of  mercurial  oresi 
Native  mercury  is  not  uncommon ;  but  by  far  the  most  abiiitd- 
ant  ore  is  cinnubar.  which  is  a  suJphurct  of  mercury.  From 
tins  ore  metal  ia  extracted  by  heating  it  with  lime  or  iron 
filings,  by  which  means  the  mercury  is  volatilized  and  the  sul- 
phur retained.  As  prepared  on  a  large  scale,  i[  is  usually 
mixed  in  small  quantity  with  other  met&,  from  which  it 
be  purilied  by  cautious  distillation. 

755.  Mercury  is  distinguished  from  all  other  metals  by  being 
fluid  at  common  temperatures.  It  has  a  tin-white  color  and 
strong  metallic  lustre.  It  becomes  solid  at  — 39"  or  —40° ;  and 
in  congealing,  evinces  a  strong  tendency  to  cryalalize  in  octo- 
tiedrona.  It  contracts  greatly  at  the  moment  of  congelalioD', 
for  while  its  density  at  47°  is  13.55,  that  of  frozen  mercury  {« 
15.61.  When  solid  it  is  malleable,  and  may  be  cut  with  a  knife 
At  662=  or  near  that  degree,  it  enters  into  ebullition,  b  " 
denses  again  on  coo!  surfaces  into  metallic  globules. 

In  consequence  of  this  metal  being  usually  eeen  in  tbe  fluid 
state,  and  from  its  resemblance  to  silver,  it  has  been  called 
hydrargyrwa  (uSwp  apyijim?),  aTgenCum  viviim,  and  qmcktilver. 
It  is  generally  imported  itilo  the  United  States  in  strong  * 
bottles,  and  when  first  taken  from  these  bottles,  is  said  ti 
genernily  very  pure. 

This  metal,  if  quite  pure,  is  not  tarnished  in  the  coid  by 
exposure  to  air  and  moisture;  but  if  it  contain  other  metals, 
the  amalgam  of  those  metals  oxydizes  readily,  and  coflects  a 
film  upon  its  surface.  Mercury  is  said  to  be  oxydized  by  long 
agitation  in  a  bottle  half  full  of  air,  and  the  oxide  so  formed  was 
called  byBoerhaave,e(Map«p«-jie,-  but  it  is  very  probable  that 
the  osydation  of  mercury  observed  under  Hiese  circumstances 
was  solely  owing  to  the  presence  of  otlier  metals.  When 
mercury  is  exposed  to  air  or  oxygen  gas,  while  in  the  form  of 
vapor,  it  slowly  absorbs  oxygen  and  is  converted  int 
peroxide. 

The  only  acids  that  act  on  mercury  are  the  sulphuric  and 
nitric  acids.  The  former  has  no  action  whatever  in  the  cold; 
but  on  the  application  of  heat,  the  mercury  ia  oxydized  at  the 
expense  of  the  acid,  pure  sulphurous  acid  gas  is  disengage*!, 
and  a  sulphate  of  mercury  is  generated,  Nitric  acid  acta 
energetically  upon  mercury,  both  with  and  without  the  aid  of 
heat,  osydizing  and  dissolving  it  with  evolution  of  binoxide  of 
nitrogen. 

756.  Mercury  is  made  use  of  for  many  important  purposes,  in)t 
medicine,  in  the  laboratory,  and  in  the  aria.  In  the  conatni6" 
tion  of  thermometers  and  barometers  it  is  absolutely  essenlfal' ' 
and  for  the  mercurial  bath,  to  enable  the  chemist  to  collect  anS 
transfer  gases  that  are  absorbed  by  water;  and  in  union  with 
various  other  substances  it  cooatitutea  the  bases  of  many  Im- 
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portant  medicines.    Several  of  these  preparations  will  be  de* 
scribed  in  their  proper  places. 

AMALGAMS. 

757.  This  term  is  exclusively  applied  to  the  compounds  of 
mercury  with  the  other  metals. 

Quicksilver  unites  with  potassium  when  agitated  in  a  glass 
tube  with  that  metal,  forming  a  solid  amalgam.  When  the 
amalgam  is  put  into  water,  the  potassium  is  gradually  oxy« 
dized,  hydrogen  gas  is  disengaged,  and  the  mercury  resumes 
Its  liquid  form.  A  similar  compound  may  be  obtained  with 
sodium.  These  amalgams  may  also  be  procured  by  placing 
the  negative  wire  in  contact  with  a  globule  of  mercury  during 
the  process  of  decomposing  potassa  and  soda  by  galvanism. 

A  solid  amalgam  of  tin  is  employed  in  making  looking- 
glasses;  and  an  amalgam  made  of  one  part  of  lead,  one  of  tin, 
two  of  bismuth,  and  four  parts  of  mercury,  is  used  for  silvering 
the  inside  of  hollow  glass  globes.  This  amalgam  is  solid  at 
common  temperatures ;  but  it  is  fused  by  a  slight  degree  of 
heat. 

The  amalgam  of  zinc  and  tin,  used  for  promoting  the  action 
of  the  electrical  machine,  is  made  by  fusing  one  part  of  zinc 
with  one  of  tin,  and  then  agitating  the  liquid  mass  with  two 
parts  of  hot  mercury  placed  in  a  wooden  box.  Mercury 
evinces  little  disposition  to  unite  with  iron,  and  on  this  account 
it  is  usually  preserved  in  iron  bottles. 

MERCURY    AND     OXYGEN. 

Chemists  are  acquainted  with  but  two  oxides  of  mercury,  the 
protoxide  and  the  peroxide. 

Mercury,  Oxygen,      Equiv,     Syinbols, 

Protoxide 1  eq.+ 1  eq. 210. . .  .HgO 

Peroxide 1  eq.-f2  eq 218..  ..HgOa 

758.  Protoxide  of  Mercury. — This  oxide  is  readily  prepared 
by  mixing  calomel,  which  is  a  chloride  of  mercury  (760),  briskly 
in  a  mortar  with  pure  potassa  in  excess,  so  as  to  effect  its  de- 
composition as  rapidly  as  possible,  and  then  wash  the  precipi- 
tate formed  in  cold  water,  and  dry  spontaneously  in  a  dark 
place.  These  precautions  are  rendered  necessary  by  the  ten- 
dency of  the  protoxide  to  resolve  itself  into  the  peroxide  and 
metallic  mercury,  a  change  which  is  easily  effected  by  heat,  by 
the  direct  solar  rays,  and  even  by  daylight.  It  is  on  this 
account  very  difficult  to  procure  protoxide  of  mercury  in  a 
state  of  absolute  purity. 

This  oxide  is  a  black  powder,  and  is  insoluble  in  water,  but 
unites  with  the  acids  as  a  weak  alkaline  base. 

759.  Peroxide  of  Mercury. — This  oxide  may  be  formed  either 
by  the  combined  agency  of  heat  and  air,  as  already  mentioned, 
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or  by  (lissolving  mercury  in  nitric  acid,  and  expo^ng  lb 
nilrate  so  formed  to  a  temperature  just  sufficient  for  expellii 
tiie  whole  of  the  nitric  acid.  It  is  commonly  known  by  tJ 
name  of  red  precipilule.  The  peroxide  prepared  from 
nitrate  almost  always  contains  a  trace  of  nitric  acid,  which  n 
be  detected  by  heating  it  in  a  clean  glass  tube  by  means  o 
spirit-lamp;  a  yellow  ring,  formed  of  subnitrate  of  oxide  . 
mercury,  collects  within  the  tube  just  above  the  part  which., 
heated. 

Peroxide  ofmercury,  thus  prepared,  is  commonly  in  the  fa 
of  shining  crystaline  scales,  of  a  nearly  black  color  while  h 
but  red  when  cold ;  when  very  finely  levigated,  the  peroi 
has  an  orange  color.  It  is  soluble  to  a  small  extent  In  wal 
forming  a  sdutioa  which  has  an  acrid  metallic  taste,  and  cc 
munieates  a  green  color  (294  N.)  to  the  blue  infusion  of  vi(d( 
When  heated  to  redness,  it  is  converted  into  metallic  merci 
and  oxygen.    Long  exposure  to  light  has  a  simiiar  efiect. 

This  compound  is  extensively  used  in  medicine. 


There  are  two  compounds  of  mercury  and  cliloi 
sponding  in  composition  to  the  two  oxides,  both  of  which  a 
well  known.    Their  lelative  composition  ia  shown  by  the  i 
lowing  table : 

Sfereury.    Chlarini.       Eguits. 

Protochloride I  eq.  +  1  eq 237.42.  .ligq 

Bichloride I  eq.  +  2  eq.....a7284.  .1^ 

760.  Protochloride  of  Mercury. — Protochloride  of  mercury, 
calomel,  is  always  generated  when  chlorine  cornea  in  conti 
with  mercury  at  common  temperatures;  and  also  by  the  a 
tact  of  metallic  mercury  and  the  bichloride.  It  may  be  ma 
by  precipitation,  by  mixing  nitrate  of  protoxide  of  mercury 
solution  with  hydrochloric  acid,  or  any  soluble  chloride, 
common  salt ;  or  by  subliming  from  a  mixture  of  metfjlic  m 
cury  and  the  bichloride. 

Protochloride  ofmercury  is  a  rare  mineral  production,  cal 
Aom  quickgitver,  which  occurs  crystalized  in  quadraneu 
prisms,  terminated  by  pyramids.  When  obtained  by  sublie 
iion  it  is  in  semi-transparent  crystaline  cakes;  but  as  fora 
by  precipitation,  it  ia  a  white  powder.  At  a  heat  short  of  n. 
was,  but  higher  than  the  subliming  point  of  the  bichloride, 
rises  In  vapor  without  previous  fusion ;  but  during  the  sul 
inalion  a  portion  is  always  resolved  into  mercury  amd  P 
Wchtoride.     It  is  yellow  while  warm,  but  recover!   " 

s  on  cooling.    Its  specific  gravity  is  about  7-2.    . 

Aed  from  the  bichloride  by  not  being  poisonous,  by  h 

ite,  and  by  being  exceedingly  insoluble  in  water, 

"'te  efCect  upon  it ;  but  pure  alkalies  decompose  it,  sei 
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mating  the  black  protoxide  of  mercury.    The  use  of  this  com- 
pound in  medicine  is  well  known.* 

761.  Bichloride  of  Mercury. — When  mercury  is  heated  in 
chk)rioe  gas  it  takes  fire,  and  burns  with  a  pale  red  flame, 
farming  the  well-known  medicinal  preparation  and  virulent 
poison,  corrosive  sublimate,  or  bichloride  of  mercury.  It  is  pre- 
pared for  medical  purposes  by  subliming  a  mixture  of  bisul- 
pbate  of  the  peroxide  of  mercury  with  chloride  of  sodium. 
The  two  substances,  perfectly  dry,  should  be  intimately 
inixed,  to  insure  no  waste,  in  the  exact  proportion  of  one 
cauivalent  of  the  bisulphate  to  two  equivalents  of  the  chloride 
CI  sodium. 

The  chemical  changes  that  take  place  during  the  process 
-will  be  seen  by  the  following  formulae  :  HgO,,  2S03+2NaCl= 
Hg,  2Cl-f  2NaO,  SO3.  The  chlorine  of  the  chloride  of  sodium 
is  transferred  to  the  mercury  and  the  sulphuric  acid  of  sulphate 
cf  mercury  to  the  soda.  The  bichloride  of  mercury  thus  formed 
is  sublimed,  while  the  sulphate  of  soda,  being  fixed,  remains  in 
the  retort. 

762.  Bichloride  of  mercury,  when  obtained  by  sublimation, 
is  a  semi-transparent  colorless  substance,  of  a  crystaline  tex- 
ture. It  has  an  acrid,  burning  taste,  and  leaves  a  nauseous 
metallic  flavor  on  the  tongue.  Its  specific  gravity  is  5.2.  When 
exposed  to  a  heat  of  509^,  it  is  fused,  enters  into  ebullition  from 
the  rapid  formation  of  vapor  at  563^,  and  is  deposited  without 
further  change  on  cool  surfaces  as  a  white  crystaline  sublimate. 
It  requires  twenty  times  its  weight  of  cold,  and  only  twice  its 
weight  of  boiling  water  for  solution,  and  is  deposited  from  the 
latter,  as  it  cools,  in  the  form  of  prismatic  crystals.  Strong 
alcohol  and  ether  dissolve  it  in  the  same  proportion  as  boiling 
water ;  and  it  is  soluble  in  half  its  weight  of  concentrated  hydro- 
chloric acid  at  the  temperature  of  70^.  With  the  chlorides  of 
potassium  and  sodium,  hydrochlorate  of  ammonia,  and  several 
other  bases,  it  enters  into  combination,  forming  double  salts, 
which  are  more  soluble  than  the  chloride  itself.  When  its  so- 
lution in  water  is  agitated  with  ether,  the  latter  abstracts  the 
bichloride,  and  rises  with  it  to  the  surface  of  the  former,  thus 
affording  strong  evidence  of  the  bichloride  having  existed  as 
such  in  the  water.  Its  aqueous  solution  is  gradually  decom- 
posed by  light,  calomel  being  deposited. 

From  its  watery  solution  the  alkalies  precipitate  the  per- 
oxide ;  that  produced  by  lime-water,  being  of  a  yellow  color, 
is  called  in  medicine  yellow  wash, 

763.  This  substance,  as  its  name  indicates,  is  highly  corrosive 


•  The  variety  of  names  by  which  this  substance  has  been  known  is  a  little 
imusing.  The  following  are  some  of  them  i—^ercurius  dulcis,  draco  miti' 
gatus,  sublimatum  dutce^  aquila  alba,  aquHa  mitigata,  manna  metallorum, 
fanchymogogum  miTierale,  pandiymogogtu  quercetanus  ! 

26* 
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In  its  action  upon  the  animal  system,  even  when  applied  exter- 
nally. Taken  internally,  in  sufficient  quantities,  it  acts  vio- 
lently upon  the  throat,  stomach,  and  intestines^,  producing  in- 
flammation and  all  its  consequences,  as  vomiting,  dysentery, 
&,c.  After  death  more  or  less  corrosion  is  generally  found  to 
have  taken  place  in  those  parts  with  which  the  poison  has 
come  in  contact.  Its*  action  is  scarcely  less  certain  and  de- 
structive than  that  of  arsenious  acid,  and  it  has  therefore  often 
been  used  as  a  means  of  death  by  the  evil-designing !  It  there- 
fore becomes  an  object  of  some  importance  to  be  able  to  detect 
its  presence,  when  it  is  mixed  with  other  substances. 

764.  The  presence  of  mercury  in  a  fluid  supposed  to  contain 
corrosive  sublimate,  may  be  detected  by  concentrating  and 
digesting  it  with  an  excess  of  pure  potassa.  Oxide  of  mercury, 
which  subsides,  is  then  sublimed  in  a  small  glass  tube  by 
means  of  a  spirit-lamp,  and  obtained  in  the  form  of  metallic 
globules.  But  in  cases  of  poisoning,  when  the  bichloride  is 
mixed  with  organic  substances,  Christison  recommends  that 
the  liquid,  without  previous  filtration,  be  agitated  with  a  fourth 
of  its  volume  of  ether,  which  separates  the  poison  from  the 
aqueous  part,  and  rises  to  the  surface.  The  ethereal  solution 
is  then  evaporated  on  a  watch-glass,  the  residue  dissolved  in 
hot  water,  and  the  mercury  precipitated  in  the  metallic  state  by 
protochloride  of  tin  at  a  boiling  temperature.  If,  as  is  probable, 
most  of  the  poison  is  already  converted  into  calomel,  and 
thereby  rendered  insoluble,  as  many  vegetable  fibres  should 
be  picked  out  as  possible,  and  the  whole  at  once  digested  with 
protochloride  of  tin.  The  organic  substances  are  then  dis- 
solved in  a  hot  solution  of  caustic  potassa,  and  the  insoluble 
parts  washed  and  sublimed  to  separate  the  mercury. 

A  very  elegant  method  of  detecting  the  presence  of  mercury 
is  to  place  a  drop  of  the  suspected  liquid  on  polished  gold,  and 
to  touch  the  moistened  surface  with  a  piece  of  iron  wire  or 
the  point  of  a  penknife,  when  the  part  touched  instantly  becomes 
white,  owing  to  the  formation  of  an  amalgam  of  gold. 

As  further  tests  for  this  substance,  it  may  be  remarked  that 
sulphuretted  hydrogen  gives  with  it  in  a  state  of  solution  a 
black  precipitate,  solution  of  nitrate  of  silver  a  white,  and 
iodide  of  potassium  a  pale  scarlet  precipitate. 

765.  Many  animal  and  vegetable  solutions  convert  bichloride 
of  mercury  into  calomel,  a  portion  of  hydrochloric  acid  being 
set  free  at  the  same  time.  Some  substances  effect  this  change 
slowly ;  while  others,  and  especially  albumen,  produce  it  in  an 
instant.  Thus,  when  a  solution  of  corrosive  sublimate  is  mixed 
with  albumen,  a  white  flocculent  precipitate  subsides,  which 
Orfila  has  shown  to  be  a  compound  of  calomel  and  edbumen, 
and  which  he  has  proved  experimentally  to  be  inert.  Conse- 
quently a  solution  of  the  white  of  an  efrg  is  an  antidote  to 
poisoning  by  corrosive  sublimate.    The  muscular  and  mem- 
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branous  parts,  even  of  a  living  animal,  produce  a  similar  effect; 
and  the  causticity  of  corrosive  sublimate  seems  owing  to  the 
destruction  of  the  animal  fibre  by  which  the  decomposition 
of  the  bichloride  is  accompanied,  and  which  constitutes  an 
essentia]  part  of  the  chemical  change. 

76d,  Calomel  and  corrosive  sublimate  may  always  be  distin- 
guished from  each  other,  by  dropping  on  a  small  quantity  of 
the  dry  powder  a  little  solution  of  ammonia  or  other  alkali,  by 
which  calomel  is  instantly  turned  black,  but  corrosive  sublimate 
is  unaffected.  In  solution  they  may  be  distinguished  by  the 
same  means. 

MERCURY    AND     SULPHUR. 

Mercury  and  sulphur  combine  in  two  properties,  forming  the 
proto  and  bisulphurets. 

Mercury.  Sulphur.     Equiv,    Symbols, 

Protosulphuret 1  eq.  +  1  eq.. .  .218.1 . .  .HgS 

Bisulphuret 1  eq.  -f  2  eq. . .  .234  2, .  .HgSa 

767.  Protosulphuret  of  Mercury  possesses  little  interest.  It 
is  of  a  black  color,  and  may  be  formed  by  transmitting  a  cur- 
rent of  hydrosulphuric  acid  through  a  dilute  solution  of  the 
protonitrate  of  mercury.    It  has  been  called  ethiops  mineral, 

768.  Bisulphuret  of  Mercury,  —  This  compound,  as  before 
remarked,  occurs  native,  and  constitutes  the  most  abundant 
ore  of  mercury,  and  is  known  by  the  name  of  cinnabar.  It 
may  also  be  formed  artificially  by  fusing  sulphur  with  about 
six  times  its  weight  of  mercury,  and  subliming  in  close  vessels. 
When  procured  by  this  process  it  has  a  red  color,  and  is  known 
by  the  name  of  factitious  cinnabar.  Its  tint  is  greatly  improved 
by  being  reduced  to  powder,  in  which  state  it  forms  the  beau- 
tiful pigment  vermilion.  It  may  be  obtained  in  the  moist  way 
by  pouring  a  solution  of  corrosive  sublimate  into  an  excess  of 
hydrosulphate  of  ammonia.  A  black  precipitate  subsides, 
which  acquires  the  usual  red  color  of  cinnabar  when  sublimed. 
Other  methods  of  forming  it  need  not  here  be  detailed. 

Cinnabar  is  not  attacked  by  alkalies,  or  any  simple  acid ;  but 
it  is  dissolved  by  the  nitro-hydrochloric,  with  formation  of  sul- 
phuric acid  and  peroxide  of  mercury. 

769.  Iodides  of  Mercury. — Iodine  forms  with  mercury  a  protiodide, 
eesquiodide,  and  biniodide  of  mercury,  the  last  of  which  only  will  be  de- 
scribed. 

\  770.  Biniodide  of  Mercury  may  be  formed  by  mixing  a  solution  of  per^ 
nitrate  or  bichloride  of  mercury,  with  solution  of  iodide  of  potassium.  If 
either  of  the  substances  is  in  excess,  the  beautiful  red  biniodide  that  is 
formed  is  immediately  redissolved,  and  of  course  disappears. 

The  biniodide,  when  exposed  to  a  moderate  heat,  gradually  becomes 
yellow ;  and  the  particles,  though  previously  in  powder,  acquire  a  crys- 
taline  appearance.  At  about  400°  it  forms  a  yellow  liquid  which  slowly 
sablime*  in  small  transparent  scales,  or  in  large  rhonvbvf^  \A\AQ%^^\N«a  v 
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It  may  contain  a  large  quantity  of  copper  without  losing  its 
white  color. 

An  amalgam  of  silver  occurs  as  a  mineral  production. 

An  alloy  of  silver  and  brass  is  used  as  a  solder  for  silver. 

SILVER    AND     OXYGEN. 

There  is  not  a  perfect  agreement  among  chemists  with  re- 
gard to  the  compounds  of  silver  and  oxygen,  but  there  seems 
to  be  but  one  well  determined — the  protoxide. 

Silver.    Oxygen,      Equiv.      SymboL 

Protoxide 1  eq.  +  1  eq 116.. . . . AgO 

•  * 

775.  Protoxide  of  Silver, — This  compound  is  best  procured 
by  mixing  a  solution  of  pure  baryta  with  nitrate  of  oxide  of 
silver  dissolved  in  water.  It  is  of  a  brown  color,  insoluble  in 
water,  and  is  completely  reduced  by  a  red  heat 

Silver  is  separated  from  its  solution  in  nitric  acid  by  pure 
alkalies  and  alkaline  earths,  as  the  brown  oxide,  which  is  redis- 
solved  by  ammonia  in  excess;  by  alkaline  carbonates  as  a 
white  carbonate,  which  is  soluble  in  an  excess  of  carbonate  of 
ammonia;  as  a  dark  brown  sulphuret  by  hydrosulphuric  acid; 
and  as  a  white  curdy  chloride  of  silver,  which  is  turned  violet 
by  light  and  is  very  soluble  in  ammonia,  by  hydrochloric  acid 
or  any  soluble  chloride.  By  the  last  character,  silver  may  be 
both  distinguished  and  separated  from  other  metallic  bodies. 

Silver  is  precipitated  in  the  metallic  state  by  most  other 
metals.  When  mercury  is  employed  for  this  purpose,  the  silver 
assumes  a  beautiful  arborescent  appearance,  called  arbor 
DiancB,  A  very  good  proportion  for  the  experiment  is  twenty 
grains  of  lunar  caustic  to  six  drachms  or  an  ounce  of  water. 
The  silver  thus  deposited  always  contains  mercury. 

Wheil  oxide  of  silver,  recently  precipitated  by  baryta  or 
lime  water,  and  separated  fi-om  adhering  moisture  by  bibulous 
paper,  is  left  in  contact  for  ten  or  twelve  hours  with  a  strong 
solution  of  ammonia,  the  greater  part  of  it  is  dissolved ;  but  a 
black  powder  remains  which  detonates  violently  firom  heat  dr 
percussion.  This  substance  appears  to  be  a  compound  of  am- 
monia and  oxide  of  silver ;  for  the  products  of  its  detonation 
are  metallic  silver,  water,  and  nitrogen  gas.  It  should  be  made 
in  very  small  quantity  at  a  time,  and  dried  spontaneously  in 
the  air. 

SILVER    AND     CHLORINE. 

There  is  but  a  single  compound  of  silver  and  chlorine,  which  is  oompoMd, 
as  follows : 

Silver.  Chlorine.       Equiv.     Symbol, 

Chloride 1  eq.  +  1  cq 143.42 AgCL 

776.  Chloride  of  Silver. — This  compound  is  sometimes  found  native,  and 
is  called  horn  silver.    It  is  always  generated  when  silver  is  heated  in  chlo* 
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line  gu,  and  may  be  prepared  conTeniently  by  mixing  hydrochloric  acid  or 
any  8<dable  chloride,  with  a  solation  of  nitrate  of  oxide  of  silver.  As  formed 
by  precipitaticm  it  is  quite  white ;  bat  by  exposure  to  the  direct  solar  rays 
it  becomes  violet,  and  almost  black  in  the  course  of  a  few  minutes ;  and  a 
similar  effect  is  slowly  produced  by  diffused  daylight 

It  is  insoluble  in  water,  and  only  sparingly  soluble  in  the  strongest  acids, 
bat  dissolves  readily  in  ammonia  and  hyposulphurous  acid. 

At  a  temperature  of  about  500*^  it  fuses,  and  forms  a  semi-transparent, 
homy  mass  on  cooling,  which  has  a  density  of  5.52.  It  bears  any  degree 
of  heat,  or  even  the  combined  action  of  pure  charcoal  and  heat,  without 
decomposition ;  but  hydrogen  gas  decomposes  it  readily  with  formation  of 
hydrochloric  acid. 

For  the  full  change  of  coUmt  to  take  place,  the  presence  of  organic  matter 
appears  to  be  necessary.  The  relations  of  this  substance  to  light  are  of  the 
highest  importance  in  photography  (155),  in  which  branch  of  science  it 
aerves  a  very  important  purpose. 

Sulphuret  of  Silver  often  occurs  native  (771),  and  is  called  silver  glance 
by  mineralogists.  There  is  considerable  affinity  between  the  two  sub- 
■tances,  and  they  may  be  made  to  combine  by  heating  thin  plates  of  silver 
with  alternate  layers  of  sulphur.  The  tarnish  that  forms  upon  articles  of 
■liver  by  use,  is  generally  a  sulphuret  (773)  of  the  metal. 

^ver  forms  compounds  also  with  iodine,  bromine,  and  phosphorus. 


GOLD. 
Symbol  Au;  Equivalent  199.2. 

777.  Gold  appears  to  have  been  known  to  the  earliest  races 
of  men,  and  to  have  been  esteemed  by  them  as  much  as  by  the 
moderns.  It  has  hitherto  been  found  only  in  the  metallic  state, 
either  pure  or  in  combination  with  other  metals.  It  occurs 
massive,  capillary,  in  grains,  and  crystalizes  in  octohedrons 
and  cubes,  or  their  allied  forms.  It  is  sometimes  found  in  pri- 
mary mountains,  but  more  frequently  in  alluvial  depositions, 
especially  among  sand  in  the  beds  of  rivers,  having  been 
washed  by  water  out  of  disintegrated  rocks  in  which  it  origi- 
nally existed. 

It  occurs  in  almost  every  country,  but  most  of  it  is  obtained 
from  the  mines  of  South  America,  Hungary,  and  the  Uralian 
mountains.  It  is  also  found  in  several  of  the  United  States, 
particularly  in  North  Carolina,  Virginia,  and  Georgia. 

As  gold  exists  in  its  ores  in  the  metallic  state,  it  is  generally 
separated  from  them  by  the  process  of  amalgamation,  similar 
to  that  already  described  for  obtaining  silver  (771),  by  which 
means  it  is  separated  from  all  other  metals  except  silver.  To 
remove  this  so  much  silver  must  be  added  that  the  gold  shall 
constitute  but  a  fourth  of  the  whole,  and  the  mass  immersed  in 
nitric  acid,  which  then  readily  acts  upon  it,  dissolving  out  all 
the  silver,  and  leaving  the  gold  in  a  state  of  purity. 
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This  process  has  been  called  quartation.  It  may  also  be  sepa- 
rated from  other  metals,  except  silver,  by  cupellation  (771). 

Gold  is  the  only  metal  which  has  a  yellow  color,  a  character 
by  which  it  is  distinguished  from  all  other  simple  metallic  bo- 
dies. It  is  capable  of  receiving  a  high  lustre  by  polishing,  but 
is  inferior  in  brilliancy  to  steel,  silver,  and  mercury.  In  duc- 
tility and  malleability  it  exceeds  all  other  metals ;  but  it  is  sur- 
passed by  several  in  tenacity. 

It  may  be  beaten  out  into  leaves  so  thin,  that  one  grain  of 
gold  will  cover  ryGi  square  inches  of  surface.  These  leaves  are 
only  o^^Vdtt  of  an  inch  in  thickness,  but  the  gold  leaf  with  which 
silver  wire  is  covered  is  only  ^  as  thick.  One  ounce  of  gold 
upon  silver  wire  is  capable  of  being  extended  more  than  1300 
miles  in  length ! 

The  density  of  gold  is  19.26,  but  by  being  hammered  it  is 
increased.  When  pure,  it  is  very  soft  and  flexible,  and  fuses 
at  about  2016^ 

778.  Gold  and  silver  have  long  been  known  as  the  "precious 
metals;"  and  their  purity  has  heen  estimated  in  carats.  A 
carat  is  g'^th  part  of  the  mass ;  and  to  say  the  metal  is  twenty- 
three  carats  fine,  is  to  say  that  it  contains  |J  parts  of  pure 
metal,  the  rest  being  alloy.  In  England,  standard  gold  is  22 
carats  fine,  that  is,  it  is  composed  of^ll  parts  of  pure  gold  and 
one  part  alloy,  which  may  be  either  copper  or  a  mixture  of 
equal  parts  of  copper  and  silver.* 

Standard  gold  in  this  country  differs  but  little  from  that  of 
England. 

Besides  its  use  for  coin,  gold  is  employed  in  the  manu&cture 
of  a  great  many  articles,  which  are  chiefly  ornamental.  In  the 
United  States  both  gold  and  silver  coin  are  melted  down  for 
use  in  the  arts ;  but  in  England,  and  some  other  countries,  this 
is  forbidden  by  law. 

Gold  may  be  exposed  for  ages  to  air  and  moisture  without  I 
change,  nor  is  it  oxydized  by  being  kept  in  a  state  of  fusion  in  I 
open  vessels.  When  intensely  ignited  by  means  of  electricity,  ll 
or  the  oxy-hydrogen  blowpipe,  it  burns  with  a  greenish-blue  f 
flame,  and  is  dissipated  in  the  form  of  a  purple  powder,  which 
is  supposed  to  be  an  oxide. 

Gold  is  not  oxydized  or  dissolved  by  any  of  the  pure  acids; 
for  it  may  be  boiled  even  in  nitric  acid  without  undergoing  any 
change.  Its  best  solvents  are  chlorine  and  nitro-hydrocnloric 
acid;  and  it  appears  from  the  observations  of  Davy  that  chlo- 

*  It  is  said  that  a  few  years  ago  a  considerable  business  was  carried  on  in 
Paris,  by  importing  British  sovereigns  and  extracting  the  silver  by  a  oeca- 
liar  and  cheap  process,  and  supplying  its  place  with  an  equal  weight  of  cop- 
per. It  was  then,  in  ingots,  sent  back  to  England,  where,  being  still  23 
carats  fine,  it  was  worth  just  as  much  as  before  !  Much  of  it  was  again 
recoinod  into  sovereigns,  which  may  be  known  by  their  deeper  color. —  {Ja- 
cobs' **  Historical  Inquiry*'  coftcerning  the  preciims  metaU.) 
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rine  is  the  agent  in  both  cases,  since  nitro-hydrochloric  acid 
does  not  dissolve  gold,  except  when  it  gives  rise  to  the  forma- 
tion of  chlorine.  It  is  inferred,  therefore,  that  the  chlorine 
unites  directly  with  the  gold.  It  is  also  readily  attacked  by 
fluorine. 

The  most  convenient  method  of  dissolving  it,  is  to  digest 
fragments  of  the  metal  in  a  mixture  composed  of  two  measures 
of  hydrochloric  and  one  of  nitric  acid,  until  the  acid  is  satu- 
rated. The  excess  of  acid  is  then  expelled  by  evaporating  the 
orange-colored  solution  until  a  ruby-red  liquid  remains,  which 
is  the  neutral  terchloride  of  gold.  On  adding  water,  the  chlo- 
ride is  dissolved,  forming  a  solution  of  a  gold-yellow  color. 

ALLOYS     OF     GOLD. 

779.  Some  of  the  alloys  of  gold  have  already  been  alluded  to 
as  being  used  in  coinage,  and  in  the  arts. 

The  presence  of  other  metals  in  gold  has  a  remarkable  effect 
in  impairing  its  malleability  and  ductility.  The  metals  which 
possess  this  property  in  the  greatest  degree  are  bismuth,  lead, 
antimony,  and  arsenic.  Thus,  when  gold  is  alloyed  with  j|^ 
part  of  its  weight  of  lead,  its  malleability  is  surprisingly  dimin- 
ished. A  very  small  portion  of  copper  has  an  influence  over 
the  color  of  gold,  communicating  to  it  a  red  tint,  which  becomes 
deeper  as  the  quantity  of  copper  increases.  Pure  gold,  being 
too  soft  for  coinage  and  many  purposes  in  the  arts,  is  always 
alloyed  either  with  copper  or  an  alloy  of  copper  and  silver, 
which  increases  the  hardness  of  the  gold  without  materially 
aflfecting  its  color  or  tenacity. 

Nearly  all  the  gold  found  in  nature  is  alloyed  more  or  less 
with  silver.  In  a  late  elaborate  investigation  into  the  constitu- 
ents of  the  Uralian  ores  of  gold,  G.  Rose  found  one  specimen 
with  0.16  per  cent,  of  silver,  and  another  with  38.38  per  cent. ; 
but  most  of  the  specimens  contained  8  or  9  per  cent,  of  silver. 
It  has  been  maintained  that  the  native  alloys  of  gold  and  silver 
are  usually  in  atomic  proportion,  but  this  has  been  disproved ; 
and  being  isomorphous  (361)  it  is  to  be  expected  that  like  other 
isomorphous  bodies,  these  metals  will  be  found  crystalized  with 
each  other  in  proportions  altogether  indefinite. 

Gold  unites  with  remarkable  facility  with  mercury,  forming 
a  white  colored  compound.  An  amalgam  composed  of  one 
part  of  gold  and  eight  of  mercury  is  employed  in  gilding  brass. 
The  brass,  after  being  rubbed  with  nitrate  of  oxide  of  mercury, 
in  order  to  give  it  a  thin  film  of  quicksilver,  is  covered  with  the 
amalgam  of  gold,  and  then  exposed  to  heat  for  the  purpose  of 
expelling  the  mercury. 


GOLD    AND    OXYGEN. 


uuxjii    A.  a  u    u  JL  \  xi  ti  n  , 

Gold  forms  with  oxygen  three  compounds,  as  exhibited  in 
the  following  table : 
27 
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Geld,      Oxygen.    Equiv.      SymhoU, 

Protoxide 1  eq.  +  1  eq 207.2. ..AuO 

Binoxide 1  eq.  +  2  eq 215.2..  .AuO, 

Teroxide 1  eq.  +  3  eq 223.2. .  .AuOj 

The  protoxide  and  hinoxide  of  gold  possess  little  interest; 
indeed  the  existence  of  the  latter  is  doubted  by  many. 

780.  Teroxide  oj  Gold. — This,  the  only  well-known  oxide  of 
gold,  is  prepared  by  the  action  of  alkalies  on  the  terchloride, 
but  is  obtained  quite  pure  with  difficulty.  Pelletier  recom- 
mends that  it  should  be  formed  by  digesting  a  solution  of  the 
terchloride  with  pure  magnesia,  washing  the  precipitate  with 
water,  and  removing  the  excess  of  magnesia  by  dilute  nitric  acid. 
It  is  apt,  however,  to  retain  magnesia ;  and  other  more  compli- 
cated processes  are  resorted  to  when  it  is  desired  to  obtain 
it  in  great  purity. 

Teroxide  of  gold  is  yellow  in  the  state  of  hydrate,  and  nearly 
black  when  anhydrous,  is  insoluble  in  water,  and  completely 
decomposed  by  solar  light  or  a  red  heat.  Hydrochloric  acid 
dissolves  it  readily,  yielding  the  common  solution  of  gold; 
but  it  forms  no  definite  compound  with  any  acid  which  con- 
tains oxygen.  It  may  indeed  be  dissolved  by  nitric  and  sul- 
phuric acids;  but  the  affinity  is  so  slight,  that  the  oxide  is 
precipitated  by  the  addition  of  water.  It  combines,  on  the 
contrary,  with  alkaline  bases,  such  as  potassa  and  baryta,  appa- 
rently forming  regular  salts,  in  which  it  acts  the  part  of  a  weak 
acid.    It  has  been  proposed,  therefore,  to  call  it  auric  acid. 

781.  When  recently  precipitated  peroxide  of  gold  is  kept  in 
strong  ammonia  for  about  a  day,  a  detonating  compound  of  a 
deep  olive  color  is  generated  analogous  to  the  fulminating 
silver  described  above  (775).  According  to  the  analysis  of 
Dumas,  its  elements  are  in  the  ratio  of  one  equivalent  of  gold, 
two  of  nitrogen,  six  of  hydrogen,  and  three  of  oxygen,  as  ex- 
pressed by  the  symbols  Au,  N^,  Hg,  O3.  Its  detonation  should 
give  rise  to  metallic  gold,  water,  nitrogen,  and  ammonia.  A 
similar  compound  is  obtained,  and  this  is  the  ordinary  mode 
of  procuring  fulminating  gold,  by  digesting  terchloride  of  gold 
with  an  excess  of  ammonia;  a  yellow  precipitate  subsides,  the 
fulminating  ingredient  of  which  appears  identical  with  that 
above  described. 

This  oxide  is  used  in  coloring  porcelain  purple,  and  in  the 
preparation  of  artificial  mineral  teeth  to  imitate  the  color  of  the 
gums. 

GOLD    AND     CHLORINE. 

But  two  compounds  of  gold  and  chlorine  are  known,  the 
protochloride  and  the  terchloride,  and  even  these  seem  not  to 
be  perfectly  understood. 

Gold.     Chlorine.     Equiv.      Symbols. 

Protochloride 1  eq.  +  1  eq 234.6. . .  AuCl 

TerchJoride 1  eq.  -f  3  eq.. . .  .305.4. . .AuClj 
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782.  Chlorides  of  Gold. — On  concentrating  the  solution  of 
gold  to  a  sufficient  extent  by  evaporation,  the  terchloride  may 
be  obtained  in  ruby-red  prismatic  crystals,  which  are  very 
fusible.  It  deliquesces  on  exposure  to  the  air,  and  is  dissolved 
readily  by  water  without  residue.  It  is  also  soluble  in  alcohol 
and  ether ;  and  the  latter  withdraws  it  from  the  aqueous  solu- 
tion. It  begins  to  lose  chlorine  at  about  400^,  and  at  600^  the 
terchloride  is  completely  resolved  into  the  yellow  insoluble  pro- 
tochloride.  At  a  red  heat  the  chlorine  is  entirely  expelled,  and 
metallic  gold  remains. 

Solution  of  the  terchloride  of  gold  is  very  easily  decomposed 
by  various  substances,  as  sulphate  of  the  protoxide  of  iron, 
sulphurous  and  phosphorous  acids,  and  most  of  the  metals. 

When  a  piece  of  charcosd  is  immersed  in  a  solution  of  gold 
and  exposed  to  the  direct  solar  rays,  its  surface  acquires  a 
coating  of  metallic  gold,  and  ribands  may  be  gilded  by  moist- 
ening them  with  a  dilute  solution  of  gold,  and  exposing  them 
to  a  current  of  hydrogen  or  phosphuretted  hydrogen  gas. 

Sulphuric  ether  does  not  act  directly  upon  gold,  but  when  a 
strong  aqueous  solution  of  the  terchloride  of  gold  is  shaken 
in  a  vial  with  an  equal  volume  of  pure  ether,  two  fluids  result, 
the  lighter  of  which  is  an  ethereal  solution  of  gold.  From  this 
liquid  flakes  of  metal  are  deposited  on  standing,  especially  by 
exposure  to  light,  and  substances  moistened  with  it  receive  a 
coating  of  metallic  gold. 

This  method  of  gilding  is  adopted  to  some  extent  in  the 
arts,  but  to  insure  success  several  precautions  must  be  observed. 
The  solution  should  be  very  strong  and  contain  no  free  acid. 
After  the  acid  is  saturated  with  gold,  the  solution  should  be  evapo- 
rated to  perfect  dryness,  and  again  dissolved  in  distilled  water. 

783.  When  protochloride  of  tin  is  added  to  a  dilute  aqueous 
solution  of  gold,  a  purple-colored  precipitate,  called  the  purp!e 
of  Cassius,  is  thrown  down ;  and  the  same  substance  may  be 
prepared  by  fusing  together  150  parts  of  silver,  20  of  gold,  and 
35.  i  of  tin,  and  acting  on  the  alloy  with  nitric  acid,  which  dis- 
solves out  the  silver  and  leaves  a  purple  residue,  containing 
the  tin  and  gold  which  were  employed.  To  prevent  the  oxy- 
dation  of  the  tin  during  fusion,  the  three  metals  should  be  pro- 
jected into  a  red-hot  black-lead  crucible,  which  contains  a  little 
melted  borax.  When  the  powder  of  Cassius  is  fused  with 
vitreous  substances,  such  as  flint-glass,  or  a  mixture  of  sand 
and  borax,  it  forms  with  them  a  purple  enamel,  which  is  em- 
ployed in  givins:  pink  colors  to  porcelain. 

The  chemical  nature  of  the  purple  of  Cassius  is  very  obscure, 
but  it  is  probably  a  compound  of  the  oxide  of  tin  and  the  pur- 
ple oxide  of  gold,  in  which  one  of  the  oxides  acts  the  part  of  an 
acid,  and  the  other  as  a  base. 

Gold  may  also  be  made  to  combine  with  bromine,  iodine,  sul- 
phur, and  phosphorus. 
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PLATINUM. 

Symbol  Pt ;  Equivalent  98.8. 

784.  Platinum,  unlike  gold,  was  entirely  unknown  in  the 
world,  as  a  distinct  metal,  until  the  year  174],  when  some  of  it 
was  sent  to  Europe  from  Jamaica,  by  Mr.  Wood;  but  no 
description  of  it  appeared  till  1749. 

This  valuable  metal  occurs  only  in  the  metallic  state,  associ- 
^  ated  or  combined  with  various  other  metals,  such  as  copper, 
iron,  lead,  titanium,  chromium,  gold,  silver,  palladium,  rhodium, 
osmium,  and  iridium.  It  has  hitherto  been  found  chiefly  in 
Brazil,  Peru,  and  other  parts  of  South  America,  in  the  form  of 
rounded  or  flattened  grains  of  a  metallic  lustre  and  white  color, 
mixed  with  sand  and  other  alluvial  depositions.  In  1826,  it  was 
discovered  in  a  sienitic  rock,  in  South  America,  associated  with 
gold.  Rich  mines  of  gold  and  platinum  have  been  discovered 
in  the  Uralian  mountains. 

The  process  for  reducing  crude  platinum  to  Ingots  of  the 
pure  malleable  metal,  was  brought  to  perfection  by  Wollaston, 
an  account  of  which  was  published  in  the  Philosophical  Trans^ 
actions  for  1829.  It  consists  in  dissolving  the  crude  metal  in 
nitro-hydrochloric  acid,  precipitating  with  a  solution  of  hydro- 
chlorate  of  ammonia,  and  subjectmg  the  fine  powder  thus 
obtained  to  violent  pressure  in  a  brass  tube.  By  this  meaDs 
the  metal,  in  a  state  of  minute  division,  is  firmly  compressed 
together;  and  by  heating  to  the  highest  temperature  of  a 
smith's  forge,  and  carefully  hammering,  it  is  perfectly  closed, 
all  the  parts  being  effectually  welded  together.  Several  pre- 
cautions are  to  be  observed  in  different  parts  of  the  process, 
which  it  is  not  necessary  here  to  detail. 

785.  Pure  platinum  has  a  white  color,  very  much  like  silver, 
but  of  inferior  lustre.  It  is  the  heaviest  of  known  metals,  its 
density  aft;er  forging  being  about  21.25,  and  21.5  in  the  state  of 
wire.  Its  malleability  is  considerable,  though  far  less  than 
that  of  gold  and  silver.  It  may  be  drawn  into  wires,  the  diame- 
ter of  which  docs  not  exceed  the  2000th  part  of  an  inch.  It  is 
a  soft  metal,  and  like  iron  admits  of  being  welded  (664)  at  a 
high  temperature.  It  is  a  less  perfect  conductor  of  heat  than 
several  other  metals. 

Platinum  undergoes  no  charige  from  the  combined  agency 
of  air  and  moisture ;  and  it  may  be  exposed  to  the  strongest 
heat  of  a  smith's  forge,  without  suflTering  either  oxydation  or 
fusion.  On  heating  a  small  wire  of  it  by  means  of  galvanism 
or  the  oxy-hydrogen  blowpipe  (384),  it  is  fused,  and  afterwards 
burns  with  the  emission  of  sparks. 

It  may  be  oxydized  by  heating  it  with  nitrate'  of  potassa,  or 
with  pure  potassa  or  lithia.    None  of  the  pure  acids  attack  it, 
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but  it  is  dissolved  in  the  nltro-hydrochloric  acid,  but  not  so 
readily  as  gold. 

786.  When  platinum  is  precipitated  from  its  solution  in  nitro- 
hydrochloric  acid  by  hydrochlorate  of  ammonia,  and  heated  to 
redness,  it  is  left  in  a  minutely  divided  state,  which  has  been 
called  spongy  platinum.  This  substance  possesses  the  remark- 
able property  of  inflaming  a  mixture  of  oxygen  and  hydrogen, 
even  when  perfectly  cold  (382).  The  effect  is  the  same  if  a  jet 
of  hydrogen  in  the  air  is  made  to  fall  upon  the  spongy  metal. 
It  has  been  more  recently  discovered  that  asbestos  and  char- 
coal, which  have  been  soaked  in  the  platinum  solution,  and 
afterwards  dried  and  ignited,  possess  the  same  property.  Pla- 
tinum, in  the  compact  form  of  wire  or  foil,  is  also  found  capa- 
ble of  causing  the  union  of  these  gases,  provided  the  surface  is 
perfectly  clean. 

Platinum  is  employed  in  the  manufacture  of  many  indispensa- 
ble articles  for  the  laboratory  of  the  chemist,  and  in  the  arts. 
Retorts  for  concentrating  sulphuric  acid  are  made  of  it,  not- 
withstanding its  great  expense,  which  is  generally  six  or  seven 
times  that  of  silver.  The  Russian  government  some  years  ago 
issued  a  coinage  of  it,  but  were  subsequently  obliged  to  recall 
it,  in  consequence  of  the  rapid  diminution  of  its  value  that  took 
place,  occasioned  by  the  abundant  supply  of  the  metal  in  the 
market.  Dr.  Hare  has  recently  introduced  some  improvements 
in  the  working  of  this  metal,  by  inventing  a  method  of  melting 
large  masses  of  it,  by  means  of  his  compound  blowpipe,  as 
before  stated. 

Platinum  is  capable  of  combining  with  other  metals,  forming 
alloys,  but  little  is  known  of  them.  Allusion  has  already  been 
made  {Q7T)  to  the  alloys  of  platinum  with  steel. 

PLATINUM    AND    OXYGEN. 

These  substances  combine  in  two  proportions,  forming  a 
protoxide  and  a  peroxide. 

Platinum.  Oxygen,      Equiv.     Symbols. 

Protoxide I  eq.  +  1  eq 103.8. . .  .PtO 

Binoxide 1  eq.  +  2  eq 114.8 PtOa 

787.  Protoxide  of  Platinum. — This  oxide  is  prepared  by  di- 
gesting protochloride  of  platinum  in  a  solution  of  pure  potassa, 
avoiding  a  large  excess  of  the  alkali,  since  it  dissolves  a  portion 
of  the  oxide,  and  thereby  acquires  a  green  color.  In  this  state 
it  is  a  hydrate,  which  loses  first  its  water  and  then  oxygen 
when  heated,  and  dissolves  slowly  in  acids,  yielding  solutions 
of  a  brownish-green  tint. 

788.  Binoxide  of  Platinum. — This  oxide  is  prepared  with  dif. 
ficulty,  owing  to  its  disposition,  like  peroxide  of  gold  (780),  to 
act  rather  as  an  acid  than  as  an  alkaline  base,  and  either  to  fall 
in  combination  with  any  alkali  by  which  it  is  precipitated^  or 
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to  remain  with  it  altogether  in  solution.  Berzelias  recom- 
mends that  it  should  be  prepared  by  exactly  decomposing  sul- 
phate of  binoxide  of  platinum  with  nitrate  of  baryta,  and  adding 
Sure  soda  to  the  filtered  solution,  so  as  to  precipitate  about 
alf  of  the  oxide,  since  otherwise  a  sub-salt  would  subside. 
The  oxide  falls  in  the  form  of  a  bulky  hydrate,  of  a  yellowish- 
brown  color:  it  resembles  rust  of  iron  when  dry,  and  is  nearly 
black  when  rendered  anhydrous. 

PLATINUM    AND    CHLORINE. 

There  are  bat  two  well-determined  compounds  of  platinum  and  chlorine. 

Platinum,  Chlorine,  Equiv.      SymbdU, 

Protochloride 1  eq.  +  1  eq 134^ PtQ 

Bichloride 1  eq.  +  2  eq 169.64 PtCla 

789,  Protochloride  of  Platinum  is  formed  by  heating  the  bichloride  to 
about  450^,  by  which  half  its  chlorine  is  expelled.  It  is  insoluble  in  water; 
by  heat  it  is  decomposed. 

790.  Bichloride  of  Platinum, — This  chloride  is  obtained  by  evaporating 
the  solution  of  platinum  in  nitro-hydrochloric  acid  to  dryness,  at  a  very 
gentle  heat,  when  it  remains  as  a  red  hydrate,  which  becomes  brown  when 
Its  water  is  expelled.  It  is  deliquescent,  and  very  soluble  in  water,  alcohol, 
and  ether ;  its  solution,  if  free  from  the  chlorides  of  palladium  and  iridium, 
being  of  a  pure  yellow  color.  Its  ethereal  solution  is  decomposed  by  light 
metallic  platinum  being  deposited. 

A  solution  of  platinum  is  recognized  by  the  following  characters.  When 
to  an  alcoholic  or  concentrated  aqueous  solution  of  the  bichloride,  a  solution 
of  chloride  of  potassium  is  added,  a  crystaline  double  chloride  of  a  pale  yeU 
low  color  subsides,  which  is  insoluble  in  alcohol,  and  sparingly  soluble  in 
water :  at  a  red  heat  it  yields  chlorine  gas,  and  the  residue  consists  of  me- 
tallic platinum  and  chloride  of  potassium.  With  a  solution  of  hydrochlo- 
rate  of  ammonia  a  similar  yellow  salt  falls,  which  when  ignited  leaves  pure 
platinum  in  the  form  of  a  delicate  spongy  mass,  the  power  of  which  in 
kindling  an  explosive  mixture  of  oxygen  and  hydrogen  gases  has  already  \ 
been  mentioned. 

Platinum  combines  also  with  iodine  and  sulphur,  forming  compounds 
analogous  to  the  oxides  and  chlorides.  With  phosphorus  it  unites  in  three 
proportions. 


PALLADIUM,  RHODIUM.  OSMIUM,  AND   IRIDIUM. 

791.  These  four  metals  are  all  contained  in  the  ore  of  platinum,  and  have 
hitherto  been  procured  in  very  small  quantity.  When  the  ore  is  digested 
in  nitro-hydrochloric  acid,  the  platinum,  together  with  palladium,  rhodium, 
iron,  copper,  and  lead,  is  dissolved ;  while  a  black  powder  is  lefl,  consisting 
of  osmium  and  iridium. 

The  two  former,  palladium  and  rhodium,  were  discovered  by  Wollaston, 
in  1803,  and  descriijied  by  him  a  year  or  two  afterwards.  They  are  capable 
of  uniting  with  several  of  the  metals  and  some  non-metallic  substances,  hot 
the  student  is  referred  to  more  extended  works  for  the  descriptions  of  the 
compounds^  as  well  as  of  the  metals  themselves. 
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793.  SMfmm^  it  ii  said,  has  lately  been  used  (or  tipping  pens  made  of 
golid,  on  aoeoont  <^  its  gnmi  hardneBs  and  little  liability  to  be  corroded  by 
the  aetkn  of  the  ink. 

793.  Otmium  and  iridium  were  discoyered  by  Tennant  in  the  same  year, 
1803.  They  also  combine  with  several  of  the  metals  and  other  substances. 
No  ose,  it  is  believed,  has  been  made  of  either  of  them  in  the  arts. 

£ach  of  these  fbor  metals  possesses  some  useful  properties,  and  should 
they  ever  be  found  in  sufficient  quantity,  they  will  unquestionably  be  made 
available  for  important  purposes. 

The  symbols  and  equivalents  of  these  metals  will  be  found  in  the  table, 
page  136. 


CHAPTER    IV. 
SALTS. 


SECTION  I. 
GENERAL  REMARKS. 

794.  The  preceding  pages  contain  the  description  either  of 
elementary  principles,  or  of  compounds  immediately  resulting 
from  the  union  of  those  elements.  These  compounds  are  bi- 
dementary,  that  is,  arise  from  the  union  of  two  elements  (338) ; 
and  their  constituents  are  regarded,  according  to  the  electro- 
chemical theory  (282)  as  possessing  opposite  electric  energies, 
and  as  combined  by  virtue  of  such  energies ;  and  the  names 
applied  to  them  are  partly  constructed  (303)  in  reference  to 
this  theory.  Thus  in  compounds  of  oxygen  and  chlorine, 
chlorine  and  iodine,  sulphur  and  potassium,  the  term  expressive 
of  the  genus  or  class  of  bodies  to  which  each  compound  belongs, 
is  derived  from  the  electro-negative  element;  so  that  we  do 
not  say  chloride  of  oxygen,  iodide  of  chlorine,  and  potassiu- 
ret  of  sulphur,  but  oxide  of  chlorine,  chloride  of  iodine,  and  sul- 
phuret  of  potassium ;  because  oxygen  has  a  higher  electro- 
negative energy  than  chlorine,  chlorine  than  iodine,  and  sulphur 
than  potassium.  The  metals,  as  a  class,  are  electro-positive  to 
the  non-metallic  elements;  but  in  relation  to  each  other  some 
of  the  metsds  are  electro-positive,  and  others  electro-negative. 
To  the  former  belong  those  metals,  the  oxides  of  which  are 
strong  alkaline  bases,  such  as  potassium, sodium,  and  calcium; 
and  among  the  latter  are  enumerated  those,  such  as  arsenic, 
antimony,  and  molybdenum,  which  are  prone  to  form  acids 
when  they  unite  with  oxygen. 

795.  Some  of  the  bi-elementary  compounds  above  referred 
to,  though  composed  of  very  energetic  elements,  are  themselves 
chemic^ly  indifferent,  manifesting  little  disposition  to  unite 
with  any  other  body  whatever;  of  which  the  peroxides  of 
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manganese  and  lead,  and  some  of  the  chlorides,  are  examples. 
Others,  on  the  contrary,  are  surprisingly  energetic  in  fiieir 
chemical  relations,  and  have  an  extensive  range  of  affinity. 
Tiie  most  remarkable  instances  of  this  are  found  among  those 
oxydized  bodies  called  acids  and  alkalies,  the  characters  of 
which  lixed  the  attention  of  chemists  long  before  their  compo- 
sition was  understood.  The  acids  and  alkalies,  however,  are 
indifferent  to  elementary  substances :  their  affinities  are  exerted 
towards  each  other,  and  by  uniting  they  give  rise  to  compounds 
more  complex  than  themselves,  as  containing  at  least  three 
elements,  and  which  are  known  by  the  name  of  salts.  Acids 
and  alkalies  possess  opposite  electric  energies  in  relation  to 
each  other,  the  former  being  negative,  and  the  latter  positive. 
The  electric  energies  evinced  by  them  are  related  to  the  elec- 
tric energies  of  their  elements.  Thus  acids  generally  abound 
in  the  electro-negative  oxygen,  and  if  they  contain  a  metal,  it 
is  usually  an  electro-negative  metal;  whereas  the  poweiful 
alkalies  are  the  protoxides  of  electro-positive  metals. 

79(3.  Acids  and  alkalies  neutralize  each  other  more  or  less 
completely,  so  that  the  resulting  salt  is  generally  neither  acid 
nor  alkaline,  and  is  far  less  energetic  as  a  chemicsd  agent  than 
acids  and  alkalies.  Most  of  them,  however,  unite  in  definite 
proportion  with  certain  substances,  such  as  water,  alcohol, 
ammonia,  and  with  other  salts,  forming  the  extensive  family 
of  double  salts.  To  these  compounds  the  electro-chemical 
theory  may  be  extended:  the  two  simple  salts  which  constitute 
a  double  salt  may  be  viewed  as  two  molecules  united  by  virtue 
of  electric  energies  of  an  opposite  character. 

In  the  early  period  of  modern  chemistry,  an  acid  was  con- 
sidered to  be  an  oxydized  body  which  has  a  sour  taste,  reddens 
litmus  paper,  and  neutralizes  alkalies.  But  subsequent  expe- 
rience has  shown  the  propriety  of  extending  the  definition  of 
the  term ;  and  chemists  are  accustomed  to  consider  as  acids 
all  those  compounds  which  unite  with  potassa  or  ammonia, 
and  give  rise  to  bodies  similar  in  their  constitution  and  general 
character  to  the  salts  which  the  sulphuric  or  some  admitted 
acid  forms  with  those  alkalies. 

797.  So  also  it  is  agreed  to  place  among  the  alkaline  or  salt' 
Jiable  bases,  all  those  bodies  which  unite  definitely  with  admit- 
ted acids,  such  as  the  sulphuric  and  nitric,  and  forrp  with  them 
compounds  analogous  in  constitution  to  the  salts  which 
admitted  alkalies  form  with  the  acids. 

The  progress  of  chemistry,  which  has  produced  this  change 
of  view,  as  regards  the  true  nature  of  the  acids  and  alkalies, 
has  also  caused  an  extension  in  the  idea  of  a  salt.  The  great 
mass  of  the  salts  are  compounds  of  oxydized  bodies,  both  the 
acid  and  the  base  containing  oxygen.  But  ammonia,  though 
not  an  acid,  has  all  the  characters  of  alkalinity  in  an  eminent 
degree,  and  its  compounds  with  the  acids  have  always  been 
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adnutted  into  the  list  of  salts,  as  well  as  the  compounds  of  the 
hydracids  (which  of  course  contain  no  oxygen)  with  the  alka- 
line bases.  Hence  arose  the  division  of  the  salts  as  a  class 
into  two  orders,  the  one  containing  the  oxygen  or  oxy-salts, 
and  the  other  the  hydrogen  or  hydro-salts. 

798.  These  orders  are  still  retained,  though  the  notion  of  a 
salt  has  been  still  further  extended.  Chemists  have  long  known 
that  metallic  sulphurets  occasionally  combine  together,  and 
constitute  what  is  called  a  double  sulphuret.    In  these  com- 
pounds, Berzelius,  whose  labors  have  greatly  added  to  their 
number,  has  traced  an  exact  analogy  with  the  salts,  and  applied 
to  them  the  name  of  sulphur-salts.    The  simple  sulphurets,  by 
the  union  of  which  a  sulphur-salt  is  formed,  are  bi-elementary 
compounds,  strictly  analogous  in  their  constitution  to  acids 
and  alkaline  bases,  and  which  like  them  are  capable  of  assuming 
opposite  electric  energies  in  relation  to  each  other.    Electro- 
positive sulphurets,  termed  sulpJiur-bases,  are  usually  the  proto- 
flulphurets  of  electro-positive  metals,  and,  therefore,  correspond 
to  the  alkaline  bases  of  those  metals ;  and  the  electro-negative 
sulphurets,  ^u/jj^ur-ccid^,  are  the  sulphurets  of  electro-negative 
metals,  and  are  pro()ortional  in  composition  to  the  acids  which 
the  same  metals  form  with  oxygen.    Hence,  if  the  sulphur  of  a 
sulphur-salt  were  replaced  by  an  equivalent  quantity  of  oxygen, 
an  oxy-salt  would  result 

The  compounds  which  Berzelius  has  enumerated  as  sulphur- 
acids,  are  the  sulphuretsof  arsenic,  antimony,  tungsten,  molyb- 
denum, tellurium,  tin,  and  gold.  To  these  he  has  added  the 
sulphurets  of  several  other  substances  not  metallic,  such  as 
sulphuret  of  selenium,  bisulphuret  of  carbon,  and  hydrosul- 
phuric  acid.  These  double  sulphurets,  thus  formed,  are  there- 
fore considered  as  a  third  order  of  salts. 

799.  A  fourth  order  of  salts  is  formed  by  the  union  of  the 
chlorides,  iodides,  bromides,  fluorides,  &c.  As  the  chlorides  of 
the  different  elementary  substances,  like  the  sulphurets,  may  be 
divided  into  the  two  classes  of  chloro-acid  sand  chloro-bases,  we 
might  make  a  separate  order  of  chloro-salts ;  and  the  same  might 
be  said  of  the  iodides,  bromides,  &c.  But  as  the  number  of  these 
is  comparatively  small,  they  are  all  brought  together  in  the 
fourth  order  of  haloid  sails,  (from  axj,  sea-salty  and  nSo^^  form). 
They  receive  this  name  from  the  feet  that  their  electro-negative 
and  electro-positive  elements  are  analogous  in  composition  to 
common  salt. 

We  have,  therefore,  the  following  four  orders  of  salts,  viz. : 

Order  I. — The  oxy-salts.  This  order  includes  no  salt  the 
acid  or  base  of  which  is  not  an  oxydized  body. 

Order  II. — The  hydro-salts.  This  order  includes  no  salt  the 
acid  or  base  of  which  does  not  contain  hydrogen. 

Order  IIL — The  sulphur-salts.    This  order  includes  no  salt 
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the  electro-positive  or  negative  ingredient  of  which  is  not  a 
sulphuret. 

Order  IV. — The  haloid-salts.  This  order  includes  no  salt  the 
electro- positive  or  negative  ingredient  of  which  is  not  haloidaL 

The  salts  are  very  numerous,  but  the  whole  number  cannot 
yet  he  determined. 

800.  Nearly  all  salts  are  solid  at  common  temperatures,  and 
most  of  them  are  capable  of  crystalizing.  The  color  of  salts  is 
very  variable,  having  no  necessary  connection  with  the  color 
of  their  elements.  Salts  composed  oFa  colorless  acid  and  base 
are  colorless;  but  a  salt,  though  formed  of  a  colored  oxide  or 
acid,  may  be  colorless;  or,  if  colored,  the  tint  may  differ  from 
that  of  both  of  its  constituents. 

All  soluble  salts  are  more  or  less  sapid,  while  those  that  are 
insoluble  in  water  are  insipid.  Few  salts  are  possessed  of 
odor :  the  most  remarkable  one  for  this  property  is  carbonate 
of  ammonia. 

801.  Salts  differ  remarkably  in  their  aflSnity  for  water.  Thus  ■ 
some  salts,  such  as  the  nitrates  of  lime  and  magnesia,  are  delu 
quescent,  that  is,  attract  moisture  from  the  air,  and  become 
liquid.  Others,  which  have  a  less  powerful  attraction  for 
water,  undergo  no  change  when  the  air  is  dry,  but  become 
moist  in  a  humid  atmosphere;  and  others  may  be  exposed 
without  chancre  to  an  atmosphere  loaded  with  watery  vapor. 

802.  Salts  differ  likewise  in  the  degree  of  solubility  in  water. 
Some  dissolve  in  less  than  their  weight  of  water;  while 
others  require  several  hundred  times  their  weight  of  this  liquid 
for  solution,  and  others  are  quite  insoluble.  This  difference 
depends  on  two  circumstances,  namely,  on  their  affinity  for 
water,  and  on  their  cohesion:  their  solubility  being  in  direct 
ratio  with  the  first,  and  in  inverse  ratio  with  the  second.  One 
salt  may  have  a  greater  affinity  for  water  than  another,  and 
yet  be  less  soluble ;  an  effect  which  may  be  produced  by  the 
cohesive  power  of  the  salt  which  has  the  stronger  attraction  for 
water,  being  greater  than  that  of  the  salt  which  has  a  less 
powerful  affinity  for  that  liquid.  The  method  proposed  by 
Gay-Lussac  for  estimating  the  relative  degrees  of  affinity  of 
salts  for  water  is  by  dissolving  equal  quantities  of  salts  in 
equal  quantities  of  water,  and  applying  heat  to  the  solutions. 
That  salt  which  has  the  greatest  affinity  for  the  menstruum 
will  retain  it  with  most  force,  and  will,  therefore,  require  the 
highest  temperature  for  boiling. 

803.  Salts  which  are  soluble  in  water  crystalize  more  or  less 
regularly  when  their  solutions  are  evaporated.  If  the  evapo- 
ration is  rendered  rapid  by  heat,  the  salt  is  usually  deposited  in 
a  confused  crystaline  mass;  but  if  it  take  place  slowly,  regular 
crystals  are  formed.  The  best  mode  of  conducting  the  pro- 
cess is  to  dissolve  a  salt  in  hot  water,  and  when  it  has  become 
quite  cold,  to  pour  the  saturated  solution  into  an  evaporating 
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basin,  which  is  to  be  set  aside  for  several  days  or  weeks  with- 
out being  moved.  As  the  water  evaporates,  the  salt  assumes 
the  solid  form ;  and  the  slower  the  evaporation,  the  more  regu- 
lar are  the  crystals.  Some  salts  which  are  much  more  soluble 
in  hot  than  in  cold  water,  crystalize  with  considerable  regu- 
larity when  a  boiling  saturated  solution  is  slowly  cooled.  The 
form  which  salts  assume  in  crystalizing  is  constant  under  the 
same  circumstances,  and  constitutes  an  excellent  character  by 
which  they  may  be  distinguished  from  one  another. 

804.  Many  salts  during  the  act  of  crystalizing  unite  chemi- 
cally with  a  definite  portion  of  water,  which  forms  an  essential  part 
of  the  crystal,  and  is  termed  water  of  crystalization  (350).  The 
quantity  of  combined  water  is  very  variable  in  different  saline 
bodies,  but  it  is  uniform  in  the  same  salt.  A  salt  may  contain 
more  than  half  its  weight  of  water,  and  yet  be  quite  dry.  On 
exposing  a  salt  of  this  kind  to  heat,  it  is  dissolved,  if  soluble, 
in  its  own  water  of  crystalization,  undergoing  what  is  termed 
the  watery  fusion.  By  a  strong  heat,  the  whole  of  the  water 
is  expelled ;  for  no  salt  can  retain  its  water  of  crystalization 
when  heated  to  redness.  Some  salts,  such  as  sulphate  and 
phosphate  of  soda,  lose  a  portion  of  their  water,  and  crumble 
down  into  a  white  powder,  by  mere  exposure  to  the  air,  a 
change  which  is  called  efflorescence.  The  tendency  of  salts  to 
undergo  this  change  depends  on  the  dryness  and  coldness  of 
the  air ;  for  a  salt  which  effloresces  rapidly  in  a  moderately 
dry  and  warm  atmosphere,  may  often  be  kept  without  change 
in  one  which  is  damp  and  cold. 

805.  The  water  of  crystalization  is  retained  by  a  very  feeble  affinity,  as 
is  proved  by  the  phenomena  of  efflorescence,  and  by  the  facility  with  which 
SQch  water  is  separated  from  the  saline  matter  by  a  moderate  heat,  or  by 
exposure  to  the  vacuum  of  an  air-pump  at  common  temperatures.  But  it 
is  oflen  observed  that  a  portion  of  water  is  retained  by  a  salt  with  such 
obstinacy  that  it  cannot  be  expelled  by  a  temperature  short  of  that  at  which 
the  salt  is  itself  decomposed.  This  water  is  considered  to  act  the  part  of 
a  base,  and  is  therefore  called  basic  water.  In  the  section  on  phosphorus 
(511,  512),  will  be  found  several  examples,  illustrating  some  of  its  proper- 
ties. That  it  is  entirely  distinct  from  the  water  of  crystalization  may  be 
shown  by  heating  some  crystals  of  the  common  phosphate  of  soda,  which 
is  composed  of  1  eq.  of  phosphoric  acid,  2  eq.  of  soda,  and  25  eq.  of  water. 
When  the  temperature  has  risen  to  212°,  24  equivalents  of  the  water  are 
readily  expelled,  but  the  25th  eq.  is  retained  with  such  force,  that  a  red  heat 
is  necessary  to  effect  its  complete  separation.  By  the  loss  of  the  first  24 
eq.  of  water,  the  crystaline  form  and  texture  of  the  salt  are  entirely  destroyed, 
but  the  amorphous  mass  has  still  all  the  properties  of  the  common  phos- 
phate  ;  whereas  by  the  loss  of  the  25th  eq.,  an  entirely  new  salt,  the  bibasic 
phosphate  of  soda,  is  produced. 

806.  The  same  thing  is  observed  in  the  case  of  the  common  sulphate  of 
zinc.  The  crystals  of  this  substance  are  composed  of  1  eq.  of  sulphuric 
acid,  1  eq.  of  oxide  of  zinc,  and  7  eq.  of  water.  When  heated,  6  eq.  of  the 
water  escape  at  212°,  bat  the  7th  eq.  is  not  expelled  till  the  temperature 
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rti«8  to  410^.  Tha«  far  this  7th  eq.  of  water  in  the  sulphate  of  zinc  appean 
analogous  to  tlic  25th  cq.  in  phosphate  of  soda :  there  is  found  this  difference^ 
that  in  t)ie  latter  salt  the  equivalent  of  water  b  readily  replaced  bj  u 
equivalent  of  any  base,  while  in  the  case  of  the  sulphate  of  zinc,  the  eqoiva* 
lent  of  water  is  not  affected  by  bases,  but  may  be  removed  by  anhydrous 
sulphates,  whicli,  by  replacing  it,  form  with  sulphate  of  zinc,  double  salta 
This  water,  therefore,  not  acting  the  part  of  a  base,  but  entering  into  the 
constitution  of  the  salt,  is  called  eoiutitutitnal  water. 

Salts  in  crystalizing  frequently  inclose  mechanically  within 
their  texture  particles  of  water,  by  the  expansion  of  which, 
when  heated,  the  salt  is  burst  with  a  crackling  noise  into 
smaller  fragments.  This  phenomenon  is  known  by  the  name 
of  decrepitation.  Berzelius  has  correctly  remarked  tliat  those 
crystals  decrepitate  most  powerfully,  such  as  the  nitrates  of 
baryta  and  oxide  of  lead,  which  contain  no  water  of  crystal!- 
zation. 

807.  The  atmospheric  pressure  is  said  to  have  considerable 
influence  on  the  crystalization  of  salts.  It  for  example,  a  con- 
centrated solution  of  sulphate  of  soda  is  made  to  boil  briskly, 
and  the  flask  which  contains  it  is  then  tightly  corked,  whUe  its 
upper  part  is  full  of  vapor,  the  solution  will  cool  down  to  the 
temperature  of  the  air  without  crystalizing,  and  may  in  that 
state  be  preserved  for  months  without  change.  Before  removal 
of  the  cork,  the  liquid  may  often  be  briskly  agitated  without 
losing  its  fluidity ;  but  on  readmitting  the  air,  crystalization 
commonly  commences,  and  the  whole  becomes  solid  in  the 
course  of  a  few  seconds.  The  admission  of  the  air  some- 
times, indeed,  fails  in  causing  the  effect ;  but  it  may  be  pro- 
duced with  certainty  by  agitation  or  the  introduction  of  a  solid 
body.  The  theory  of  this  phenomenon  is  not  very  apparent; 
but  that  the  mere  pressure  of  the  atmosphere  does  not  produce 
the  effect  is  evident  from  the  fact  that  a  mere  film  of  oil  upon 
the  surface  of  the  solution  in  the  flask  as  effectually  prevents 
crystalization  as  if  it  is  tightly  corked  while  hot.  It  has  been 
suggested  that  the  influence  of  the  air  may  be  ascribed  to  its 
uniting  chemically  with  the  water;  and  it  is  found  that  gases 
which  are  absorbed  more  freely  than  air,  act  more  rapidly  in 
producing  crystalization. 

The  same  quantity  of  water  may  hold  several  different  salts 
in  solution,  provided  they  do  not  mutually  decompose  each 
other.  The  solvent  power  of  water  with  respect  to  one  salt 
is,  indeed,  sometimes  increased  by  the  presence  of  another, 
owing  to  combination  taking  place  between  the  two  salts. 

Most  salts  produce  cold  during  the  act  of  solution,  especially 
when  they  are  dissolved  rapidly  and  in  large  quantity.  The 
greatest  reduction  of  temperature  is  occasioned  by  those  which 
contain  water  of  crystalization. 

808.  The  above  "general  remarks"  on  the  subject  of  salts  are  in  accord- 
ance with  tlie  opinions  which  have  heretofore  generally  prevailed  concern* 
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Ing  their  nature  and  composition ;  but  recently  some  new  views  on  this 
important  subject  have  begnn  to  prevail,  which,  though  they  canpot  be  for- 
mally adopted,  ought  not  to  be  entirely  overlooked,  even  in  an  elementary 
work.  These  views  are  the  more  important,  as  they  serve  admirably  to 
explain  many  facts  in  organic  chemistry  that  before  appeared  anomalous. 

809.  By  referring  to  the  oxygen  acids  described  in  the  preceding  pages, 
it  will  be  observed  that  they  all,  with  the  exception  of  tlie  carbonic  and 
chromic  acids,  in  their  free  or  active  state,  contain  hydrogen,  which  has 
been  considered  as  associated  with  oxygen  in  the  form  of  water.  Thus, 
sulphuric  acid,  or  oil  of  vitriol  (4;^0},  in  its  most  concentrated  state,  is  2SO3, 
HO,  while  the  common  sulphuric  acid  is  SOj,HO.  So  nitric  acid  is  NO5, 
HO;  and  indeed  it  cannot  exist  separate  from  water,  NO5  ;  and  this  is  the 
case  with  a  majority  of  known  acids.  Sulphuric  and  phosphoric  acids  may 
without  question  be  obtained  anhydrous,  SO3  and  P^O^  ;  but  it  is  Vorthy 
of  notice,  that  in  this  state  they  do  not  possess  the  properties  of  these  acids, 
and  acquire  them  only  on  the  addition  of  water.  The  dry  compound  of 
sulphuric  acid  and  ammonia,  S03,NEi:„  for  instance,  is  not  sulphate  of 
ammonia,  but  a  distinct  compound.  Moreover,  these  anhydrous  acids  unite 
with  water  with  the  greatest  vehemence,  and  then  assume  their  active 
characters. 

810.  Now,  as  the  hydracids,  as  a  matter  of  course,  contain  hydrogen, 
according  to  this  view  it  is  evident  the  two  classes  of  oxygen  and  hydracids 
may  be  brought  together  in  single  class  of  hydracids,  as  having  the  most 
perfect  analogy  in  properties.  Letting  X  represent  the  acid-radical,  which 
may  be  either  simple  or  compound,  the  general  formula  for  a  hydracid  will 
be  X,H.  In  hydrochloric  (542),  hydriodic  (569),  and  hydrosulphuric  (496) 
acids,  the  acid-radical  is  simple,  and  X  is  represented  respectively  by  CI,  I, 
and  S ;  but  in  most  of  the  acids  of  organic  substances,  the  acid-radical  is 
compound.  In  the  hydrated  oxygen  acids  which  have  been  described  in 
the  preceding  pages,  and  to  which  alone  and  not  to  the  anhydrous  acids 
this  theory  applies,  the  acid-radical  X  is  always  compound  and  always  con- 
tains oxygen.  Thus  in  hydrated  sulphuric  acid — as  it  is  usually  considered 
and  represented  by  S03,H0, — X  is  represented  by  SO4  :  and  in  common 
nitric  acid,  N05,H0,  (as  it  is  usually  considered,)  X=NOg.  The  true  for- 
mula for  these  acids  on  this  theory  are  S04,H,  and  NOs,!!.  Other  exam- 
ines might  be  adduced.  Those  acids  which  contain  a  single  equivalent  of 
hydrogen,  are  in  general  capable  of  uniting  with  a  single  equivalent  of  a  base, 
and  are  therefore  called  monobasic ;  those  that  contain  2  equivalents  of 
hydrogen  combine  with  as  many  equivalents  of  base,  and  are  called  bibasic 
(302),  while  those  that  have  3  equivalents  of  hydrogen  are  tribasic.  These 
acids,  as  a  class,  are  called  polybasic,  and  their  general  formula  is  X,  Hn. 
Phosphoric  acid  is  polybasic ;  it  unites  with  water  and  other  bases,  forming 
monobasic,  bibasic,  and  tribasic  phosphates.  The  three  states  of  the 
acid,  or  three  phosphates  of  water,  are  written  as  follows : 

Old  Theory.      New  Theory. 

Monobasic  acid Po05,H0  ....  P.,06,H. 

Bibasic  acid Po05,2H0. . . .  P;0-,Ho. 

Tribasic  acid P205,3HO. . . .  P^Og.Ha. 

811.  But  it  is  among  the  organic  acids  that  we  find  the  most  numerous 
and  striking  examples  of  polybasic  acids. 

When  one  of  these  hydracids  unites  with  a  metallic  oxide  to  form  a  aalt^ 
28 
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the  hydrogen  a  Himpl;  rcplnccd  bv  tlie  mela!,  and  woler  U  formed  I7  llm 
union  or  iJic  hydrDgin  ol'  IJie  ucij  and  (he  DXygtn  or  the  bnee.  Cnnse- 
qUBtidf,  Dcida  aiof  lie  cicwcd  as  till  liydriigen  t«\li  or  Ibpir  rDdicalK,  and 
lliua  the  acida  and  Hilte,  in  tegurd  to  Uieir  conttituljon,  will  form  but  one 

SIS.  A  ncc«eiMi7  conn^ucnce  dcducible  from  thia  theory  ia,  that  thoae 
oiidvii  whicli  moat  Eii»ily  luse  oxygen  ahmild  moat  readily  replara  by  tlieir 
metal  the  hydrngen  or  the  aeid.  Thia  inferenee  is  Inund  atriotly  in  con. 
forniil^  with  fiict;  IJie  n>ide  of  silver,  being  eaaily  reducid,  is  capable  oT 
replacing  with  ils  aiJvcr  all  the  hydrogen  of  eorersl  acidi,  while  putaea  or 
■Ml  can  re|ilaae  by  tlioir  metallic  Iwas  only  a  part. 


813.  This  order  of  salts  includes  no  compound  the  acid  or 
base  of  which  does  not  contain  oxygen.  With  the  apparent 
exoepiion  of  ammoniacal  salts,  both  the  acid  and  base  of  the 
salts  described  in  this  section  are  oxydized  bodifs.  As  each 
acid,  with  few  CKceptious,  is  capable  of  uniting  with  every  allca* 
line  base,  and  frequently  in  two  or  mure  proportions,  it  is  luaoi- 
fest  that  the  salts  must  constitute  a  very  numerous  class  of 
bodies.  It  is  necesaary,  on  this  account,  to  facilitate  the  study 
of  them  as  much  as  possible  by  classificatioti.  They  may  be 
conveniently  arranged  by  placing  together  those  salts  which 
contain  either  the  same  salifiable  base  or  the  same  acid.  It  is 
not  very  material  which  principle  of  arrangeoient  is  adopted ; 
but,  on  the  whole,  it  is  thought  best  to  adopt  the  latter,  espe- 
cially since,  in  the  description  of  the  different  oxides  in  the 
preceding  pages,  some  account  has  been  given  of  the  charac- 
teristic features  of  their  salts.  We  shall  therefore  describe  Ihe 
Balls  in  fiimilies,  placing  together  those  wliich  consist  of  the 
same  acid  united  with  the  different  salifiable  baBes.  The  salts 
of  eaci)  family,  in  consequence  of  containing  the  same  arid, 

Kssesa  certain  characters  in  common,  by  which  they  may  all 
distinguished;  and  separale  descriptions  are  therefore  pep- 
haps  less  needed  than  in  almost  any  other  class  of  bodies.  In 
the  following  pages,  in  accordance  with  the  plan  previoudy 
pursued,  a  few  salts  oni^  of  the  most  practical  importajice  will 
be  selected  for  description. 

814,  Alter  describing  the  neutral  salts  of  each  iiimily,  some  of 
the  more  important  double  aaiu  of  the  same  family  will  be  in- 
troduced. These  may  be  composed  of  one  acid  and  two  bases, 
of  two  acids  and  one  base,  and  of  two  different  acids  and  two 
different  bases.  Most  of  the  double  salts  hitherto  examined 
consist  of  the  same  acid  and  two  different  bases. 

ai5.  The  difference  in  the  constitution  of  mnmonJa  (432)  and  that  of  alt 
other  bases  capable  of  uniling  with   oxy-uciiis,  gires  a  peculiar  iiitereil  lo 
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ite  salts.  Hioogh  this  substance  possesses  all  the  characteristics  of  an 
alkali,  even  neutralizing  the  strongest  acids,  it  is  thought  by  Berzelius  and 
others  that  it  does  not  unite  with  them  as  ammonia,  but  as  the  oxide  of  a 
con>pound  radical,  which  they  call  ammonium,  composed  of  1  equivalent 
of  nitrogen  and  4  equivalents  of  hydrogen,  NH4.  When  a  current  of  elec- 
tricity is  passed  through  a  solution  of  ammonia  in  contact  with  a  portion  of 
mercury  as  the  negative  electrode,  the  mercury  is  rapidly  converted  into  a 
light  porous  substance,  which  has  the  lustre  and  all  the  characters  of  an 
amalgam.  A^soon  as  it  is  removed  from  the  influence  of  the  electric  cur- 
rent, rapid  decomposition  ensues,  mercury  is  reproduced,  and  hydrogen  and 
arninoniacal  gases  evolved  in  the  ratio  of  one  volume  of  the  former  to  two 
of  the  latter.  The  production  of  this  compound  is  explained  upon  the  sup- 
position that  ammonia  NHs*  by  uniting  with  an  additional  equivalent  of 
hydrogen,  forms  a  compound  NH4,  which  has  the  properties  of  a  metal, 
forming  with  mercury  an  amalgam,  and  its  oxide  NH^*,  O,  serving  as  the 
real  radical  to  the  ammoniacol  salts,  as  above  explained.  This  hypothesis 
is  further  confirmed  by  the  fact  that,  in  all  the  neutral  salts  of  ammonia  the 
quantity  of  water  necessary  to  convert  the  ammonia  into  oxide  of  ammoni- 
um, is  always  present,  nor  can  it  be  removed  without  the  total  decomposi- 
tion of  the  salt  Anhydrous  crystals  of  compounds  of  ammonia  with  the 
oxy-acids  have  indeed  been  obtained,  but  they  do  not  possess  the  proper 
characters  of  salts  (795),  neither  the  acid  nor  dikali  being  present  as  such 
in  the  compound. 

Sulphuric  acid  containing  3  equivalents  of  oxygen,  the  oxygen  in  the 
acid  and  base  of  the  neutral  protosulphates,  will  of  course  be  in  the  ratio  of 
3  to  1 ;  and  if  it  should  be  entirely  separated  from  both,  a  metallic  proto- 
Bulphuret  would  result 

SULPHATES. 

816.  The  salts  of  sulphuric  acid  in  solution  may  be  detected 
by  chloride  of  barium.  A  white  precipitate,  sulphate  of  baryta, 
invariably  subsides,  which  is  insoluble  in  acids  and  alkalies,  a 
character  by  which  the  presence  of  sulphuric  acid,  whether 
free  or  combined,  may  always  be  recognized.  An  insoluble 
sulphate,  such  as  sulphate  of  baryta  or  strontia,  may  be  de- 
tected by  mixing  it,  in  fine  powder,  with  three  times  its  weight 
of  carbonate  of  potassa  or  soda,  and  exposing  the  mixture  in 
a  platinum  crucible  for  half  an  hour  to  a  red  heat.  Double 
decomposition  ensues,  and  a  sulphate  of  the  alkali  used  is 
formed,  which,  by  proper  precautions,  may  be  detected  by 
chloride  of  barium,  as  above  described. 

817.  Several  sulphates  exist  in  nature,  but  the  only  ones 
which  are  abundant  are  the  sulphates  of  lime  and  baryta.  All 
of  them  may  be  formed  by  the  action  of  sulphuric  acid  on  the 
metals  themselves,  on  the  metallic  oxides  or  their  carbonates, 
or  by  way  of  double  decomposition. 

The  solubility  of  the  sulphates  is  very  variable.  There  are 
six  only  which  may  be  regarded  as  really  insoluble;  namely, 
the  sulphates  of  baryta,  and  of  the  oxides  of  tin,  antimony, 
bismuth,  lead,  and  mercury.    The  sparingly  soluble  sulphates 


are  those  of  strontia,  lime,  zirconia,  yttria,  and  of  the  oxides  of 
ccriiiiii  and  silver.    All  the  others  are  soluble  in  water. 

SIS.  All  the  sulphates,  those  of  potassa.  soda,  lithia,  baryta, 
strontia,  and  lime  excepted,  ore  decomposed  by  a  white  heaL 
One  part  of  the  sulphuric  acid  of  the  decomposed  sulphate 
escapes  unchanged,  and  another  portion  is  resolved  into  sul- 

Eliurous  acid  and  oxypen.  Tdose  which  are  easily  decomposed 
y  heat,  such  as  sulphate  of  oxide  of  iron,  yiei<i  the  largest 
quantity  of  undecom posed  sulphuric  acid. 

819,  When  a  sulphate,  mixed  with  carbonaceous  matter,  is 
ignited,  the  oxypen  both  of  the  acid  and  of  the  oxide  unites 
nilh  carbon,  carbonic  acid  is  disengagr^d,  and  a  metallic  sul- 
phuret  remains.  A  similar  change  is  produced  by  hydrogen 
gas  at  a  red  heat,  with  formation  of  water  and  frequenily  of 
some  hydrosulphuric  acid.  In  some  instances  the  hydrogen 
entirely  deprives  the  metal  of  its  sulphur. 

820.  The  following  table  represents  the  composition  of  some 
of  the  principal  sulphates,  both  anhydrous,  and  with  water  of 
crystal ization  when  they  cryataJize  with  water. 


Nam 


Bait.     Arid. 

..I  eq.  +  l  cq.. 


in  crystnls  with  1  m].  o 


n  cryalnlH  w 


1  eq. 


Sulplinle  ofbarjta. . 
SutpliiIearElronlii 
Sulpliatcoflime  . 

Do.         do. 
Sulphate  of  magno 

Do.         do. 
Sulphate  or  alumir 

Do.         do. 
Sulphate  or  proton 

Do.         do, 
Sulphnlo  orprotoii 

On.         do. 
Sulphnte  of  protoii 

Do.  do.  in  cryiilBls  with  T  cq. 
Sulphate  of  protoxide  o!  cnppcr. . .  .1  eq. 
Dixulpliate  ofprotniide  of  copper  .  .3  eq.  - 
Bulphale  of  protoxide  of  mercury  . .]  ei 
BieiilphBta  of  peroxide  of  mercury.  .1  c 
Sulpfaute  of  oxide  of  silver 1  c 


l^q- 

1  eq 

gj'peuiu  will]  S  eq. 

crystala  with  7 

cryMala  witli  9 
ofmangaoBBeleq.- 
cryntala  willl  5  eq;  o 

of  iron 1  ec 

nryalalB  willl  S  a 


Eqtiiv.  SymhoU. 
.  e755,.KO,SOj 
.127.35.  ,K0,9SO3 
.136.35.. 

71.4  .  .NiO,SO. 
,161.4  .. 

111.5  ..NaO,2SOs 
.147.5  .. 
66,35.  .NH40^a 
7535.. 
116.8  ..BaO,SO' 


+  2eq. 
ofwr 
+  1 

+T 

+  Ieq...  Mi.a  ..smjjmj, 

+  leq...  68,6  ..CbO,SO, 


wUer  ,.  75.25.. 


eq...  75.8  ..HnO.SOa 
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DOUBLE     SULPHATES. 

Sulphate  of  potassa  ^  Sulphate  of  potassa  1  eq.  ^  258  95  J  K0,S03   + 

and  alumina.  •  •  •  )  Tersulphuret  alum.  1  eq.  ^  '  /  Al^OsfSSOs 

Do.        do.  with  24  eq.  of  water 474.95 

Sulphate     of    soda  S  Sulphate  of  soda..  .1  eq.  >   9431  S  NaO^SOs   -\- 

and  alumma.  •  •  •  )  Tersulphate  alum  .1  eq.  ^  /  Al203,3S03 

Do.         do.  with  26  eq.  of  water 477.1 

821.  Sulphate  of  Potassa. — This  salt  is  easily  prepared  artificially  by 
neutralizing  carbonate  of  potassa  with  sulphuric  acid ;  and  it  is  procured 
abundantly  by  neutralizing  with  carbonate  of  potassa  the  residue  of  the 
operation  for  preparing  nitric  acid  (4*23).  Its  taste  is  saline  and  bitter.  It 
generally  crystalizes  in  six-sided  prisms,  bounded  by  pyramids  with  six 
sides,  the  size  of  which  is  said  to  be  much  increased  by  the  presence  of  a 
little  carbonate  of  potassa.  Its  primary  form  is  a  rhombic  octohedron, 
and  it  is  isomorphous  with  chromate  and  seleniate  of  potassa.  The  crys- 
tals contain  no  water  of  crystalization,  and  suffer  no  change  by  exposure  to 
the  air.  They  decrepitate  when  heated,  and  enter  into  fusion  at  a  red  heat 
They  require  16  times  their  weight  of  water  at  60°,  and  5  of  boiling  water 
for  solution. 

822.  Bisulphate  of  Potassa  is  easily  formed  by  exposing  the  neutral  sul- 
phate with  half  its  weight  of  strong  sulphuric  acid  to  a  heat  just  below  red- 
ness, in  a  platinum  crucible,  until  acid  fumes  cease  to  escape.  The  pri- 
mary form  of  its  crystals  is  a  right  rhombic  prism.  It  has  a  strong  sour 
taste,  and  reddens  litmus  paper.  According  to  Graham  it  is  to  be  consi- 
dered a  double  sulphate  of  potassa  and  water.  It  is  much  more  soluble 
than  the  neutral  sulphate,  requiring  for  solution  only  twice  its  weight  of 
water  at  60°,  and  less  than  an  equal  weight  at  212°.  It  is  resolved  by  heat 
into  sulphuric  acid  and  the  neutral  sulphate. 

823.  Sulphate  of  Soda. — This  compound,  commonly  called 
Glavber*s  Salt,  is  occasionally  met  with  on  the  surface  of  the 
earth,  and  is  frequently  contained  in  mineral  springs.  It  was 
discovered  by  Glauber,  from  whom  it  received  its  name, 
although  he  himself  called  it  sal  mirahile. 

It  may  be  made  by  the  direct  action  of  sulphuric  acid  on 
carbonate  of  soda,  and  it  is  procured  in  large  quantity  as  a 
residue  in  the  process  for  forming  hydrochloric  acid  and  chlo- 
rine (542). 

824.  Sulphate  of  soda  has  a  cooling,  saline,  and  bitter  taste. 
It  commonly  yields  four  and  six-sided  prismatic  crystals,  but 
its  primary  form  is  a  rhombic  octohedron.  Its  crystals  efflo- 
resce rapidly  when  exposed  to  the  air,  losing  the  whole  of  their 
water.  When  heated  they  readily  undergo  the  watery  fusion. 
At  32^,  100  parts  of  water  dissolve  12  parts  of  the  crystals,  48 
parts  at  64.5'^,  100  parts  at  77°,  270  at  89.5^,  and  322  at  91.5°. 
On  increasing  the  heat  beyond  this  point,  a  portion  of  the  salt 
is  deposited,  being  less  soluble  than  at  91.5°.  If  a  solution  satu- 
rated at  91.5°  is  evaporated  at  a  higher  temperature,  the  salt 
is  deposited  in  opaque  anhydrous  prisms,  the  primary  form  • 

28* 
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which  is  a  rhombic  octohedron.    Its  specific  gravity  in  this 
state  is  2.46. 

Bisufpfiate  of  Soda  may  be  formed  in  the  same  manner  as 
the  analogous  salt  of  potassa  (822). 

825.  Sulphate  of  Oxide  of  Ammonium — Sulphate  of  Ammonia. — This 
Bait  is  easily  formed  by  neutralizing  carbonate  of  ammonia  with  dilute  sul- 
phuric acid  ;  and  it  is  contained  in  considerable  quantity  in  the  soot  from 
coal. 

It  is  important  as  a  source  of  the  hydrochlorate  of  ammonia,  which  if 
obtained  by  sublimation  from  a  mixture  of  sulphate  of  ammonia  and  com- 
mon salt  It  is  sometimes  found  native  in  small  quantities  in  volcanic 
countries. 

826.  Sulphate  of  Baryta. — Native  sulphate  of  baryta,  commonly  called 
heavy  spar,  occurs  abundantly,  chiefly  massive,  but  sometimes  in  anhydrous 
crystals,  the  form  of  which  is  variable,  being  sometimes  prismatic  and 
sometimes  tabular,  deducible  from  a  right  rhombic  prism.  Its  density  is 
about  4.4.  It  is  one  of  the  most  insoluble  salts  known,  and  of  late  has  been 
considerably  used  by  painters  as  a  substitute  for  white  lead. 

827.  Sulphate  of  Strontia,  the  Celestine  of  mineralogists,  very  much  re- 
sembles tlie  above,  and  is  sometimes  mistaken  for  it  Its  specific  gravity 
is  3.86. 

828.  Sulphate  of  Lime. — This  salt  occurs  abundantly  as  a 
natural  production.  The  mineral  called  anhydrite  is  anhydrous 
sulphate  of  lime;  and  all  the  varieties  o^  gypsum  are  composed 
of  the  same  salt,  united  with  water.  The  pure  crystallzed 
specimens  of  gypsum  are  sometimes  called  selenite ;  and  the 
white  compact  variety  is  employed  in  statuary  under  the  name 
of  alabaster.  The  crystals  are  generally  flattened  prisms,  the 
primary  form  of  which  is  a  right  rhombic  prism. 

Gypsum  contains  2  equivalents  of  water,  which  are  readily 
expelled  by  a  temperature  a  little  below  300°,  and  it  then  crum- 
bles into  a  fine  powder.  If  this  powder  is  mixed  with  water, 
the  2  equivalents  are  again  absorbed  and  gypsum  is  repro- 
duced, and  the  mass  rapidly  becomes  dry  and  hard.  On  this 
property  is  founded  the  art  of  casting  in  plaster,  and  the  forma- 
tion of  the  various  kinds  of  stucco,  in  which  a  solution  of  glue 
or  gum  is  often  used  in  place  of  pure  water.  If  in  baking  the 
gypsum  is  heated  above  300^,  its  nature  is  changed,  and  anhy- 
drite is  formed,  which  will  not  combine  with  water  so  as  "  to 
set." 

Solutions  of  caustic  potassa,  or  several  of  its  salts,  as  the 
carbonate,  sulphate,  or  silicate,  when  mixed  with  the  raw  gyp- 
sum finely  pulverized,  also  produce  immediate  and  perfect 
solidification. 

This  salt,  under  the  name  of  plaster,  or  Plaster  of  Paris,  is 
largely  used  in  agriculture.  It  is  slightly  soluble  in  water, 
requiring  for  solution  about  450  or  500  times  its  weight  of 
water.  Dissolved  in  this  minute  quantity  with  other  salts  in 
well  or  spring- water,  it  communicates  to  it  the  property  called 
Aardness, 
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829.  Sulphate  of  Magnesia. — This  sulphate,  generally  known 
by  the  name  of  Epsom  salt,  is  frequently  contained  in  mineral 
springs,  as  at  Epsom,  in  England.  It  may  be  made  directly, 
by  neutralizing  dilute  sulphuric  acid  with  carbonate  of  mag- 
nesia; but  it  is  procured  for  the  purposes  of  commerce  by  the 
action  of  dilute  sulphuric  acid  on  magnesian  limestone,  which 
is  a  native  carbonate  of  lime  and  magnesia. 

Its  taste  is  saline,  bitter,  and  nauseous.  It  ipay  readily  be 
distinguished  from  sulphate  of  soda  by  the  form  of  its  crystals, 
or  by  pouring  into  a  solution  of  it,  a  little  caustic  potassa, 
which  will  cause  a  white  precipitate.  In  sulphate  of  soda  no 
such  effect  will  be  produced. 

830.  Sulphates  of  Iron. — Sulphate  of  the  Protoaride,  commonly 
called  green  vitriol,  is  formed  by  the  action  of  dilute  sulphuric 
acid  on  metallic  iron,  or  by  exposing  protosulphuret  of  iron,  in 
fragments,  to  the  combined  agency  of  air  and  moisture.  The 
salt  has  a  strong,  styptic,  inky  taste.  It  is  insoluble  in  alcohol, 
but  soluble  in  two  parts  of  cold,  and  in  three-fourths  of  its 
weight  of  boiling  water.  It  occurs  in  right  rhombic  prisms, 
which  are  transparent,  and  of  a  pale  green  tint;  but  when 
its  water  of  crystalization  is  expelled,  it  is  of  a  dirty  white 
color. 

It  is  used  for  various  purposes  in  the  arts  under  the  name 
of  copperas  or  green  vitriol.  It  is  employed  in  the  manufacture 
of  fuming  sulphuric  acid.  It  contains  a  large  quantity  of  water 
of  crystalization,  which  gradually  escapes  in  the'open  air,  and 
the  crystals  crumble  to  powder. 

Much  of  the  green  vitriol  of  commerce  is  formed  by  exposing 
the  native  sulphuret  of  iron  to  the  action  of  the  weather,  by 
which  both  the  sulphur  and  iron  are  oxydized,  to  form  the  sul- 
phate of  iron. 

When  this  salt  is  heated  it  parts  first  with  its  Water,  and  at 
a  full  red  heat,  with  its  sulphuric  acid,  a  portion  of  which  is 
decomposed  into  sulphurous  acid  and  oxygen,  and  the  rest  passes 
off  unchanged.  By  the  oxygen  of  the  decomposed  acid  the 
iron  is  peroxydized,  forming  the  substance  used  in  the  arts  as 
a  polishing  powder,  under  the  names  of  rouge  and  colcothar. 

The  tersulphale  of  the  sesquioxide  is  not  used  in  the  arts. 

831.  Sulphate  of  Zinc. — This  is  the  white  vitriol  of  commerce. 
It  may  readily  be  formed  by  the  action  of  dilute  sulphuric  acid 
upon  metallic  zinc.    It  is  used  in  medicine  and  in  the  arts. 

832.  Sulphate  of  Copper. — Sulphate  of  the  red  oxide  of  copper 
has  not  been  obteined  in  a  separate  state.  The  sulphate  of 
the  black,  or  protoxide,  blue  vitriol,  employed  by  surgeons  as 
an  escharotic  and  astringent,  may  be  prepared  by  roasting  the 
native  sulphuret;  but  it  is  more  generally  made  by  directly 
dissolving  the  protoxide  in  dilute  sulphuric  acid,  and  crys- 
talizing  by  evaporation.  This  salt  forms  crystals  of  a  blue 
color,  the  primary  form  of  which  is  the  oblique  rhomboid? 


332  MANUAL    OF    CHEMISTRY. 

prism.  It  is  soluble  in  about  four  of  cold,  and  in  two  parts  of 
boiling  water.  It  is  isomorphous  with  sulphate  of  protoxide  of 
manganese. 

When  pure  potassa  is  added  to  a  solution  of  the  sulphate  of 
protoxide  of  copper,  in  a  quantity  insufficient  for  separating 
the  whole  of  the  acid,  a  pale  bluish-green  precipitate,  the  disul- 
phate,  is  thrown  down. 

Sulphate  of  protoxide  of  copper  and  ammonia  is  generated 
by  dropping  pure  ammonia  into  a  solution  of  the  sulphate,  until 
the  sub-salt  at  first  thrown  down  is  nearly  all  dissolved.  It 
forms  a  dark  blue  solution,  from  which,  when  concentrated, 
crystals  are  deposited  by  the  addition  of  alcohol.  It  may  be 
formed  also  by  rubbing  briskly  in  a  mortar  two  parts  of  crys- 
talized  sulphate  of  protoxide  of  copper  with  three  parts  of 
carbonate  of  ammonia,  until  the  mixture  acquires  a  uniform 
deep  blue  color.  Carbonic  acid  gas  is  disengaged  with  effer- 
vescence during  the  operation,  and  the  mass  becomes  moist, 
owing  to  the  water  of  the  blue  vitriol  being  set  free. 

This  compound,  which  is  the  ammoniuret  of  copper  of  the 
Pharmacopoeia,  contains  sulphuric  acid,  protoxide  of  copper, 
and  ammonia ;  but  its  precise  nature  has  not  been  determined 
in  a  satisfactory  manner.  It  parts  gradually  with  ammonia  by 
exposure  to  the  air. 

833.  Sulphates  of  Mercury. — Sulphate  of  the  protoxide  of 
mercury  is  formed  when  two  parts  of  mercury  are  gently 
heated  with  three  parts  of  strong  sulphuric  acid;  but  if  strong 
heat  is  employed,  so  as  to  excite  brisk  effervescence,  and  the 
mixture  brought  to  dryness,  a  bisulphate  of  the  peroxide  results. 
When  this  bisulphate  is  thrown  into  hot  water  it  is  decomposed 
and  a  yellow  basic  sulphate  is  formed,  formerly  called  turpeth 
mineral^  3HgO,S03. 

DOUBLE    SULPHATES. 

Sulphate  of  soda  and  lime  is  the  glauherite  of  mineralogists. 
It  is  found  native. 

834.  Sulphate  of  Potassa  and  Alumina. — Alum. — This  well- 
known  substance  is  usually  prepared  from  alum-slate,  an  argil- 
laceous slaty  rock,  highly  charged  with  iron  pyrites.  On 
heating  this  rock  the  sulphuret  of  iron  is  oxydized,  the  result- 
ing sulphuric  acid  unites  with  alumina  and  potassa  present  in 
the  slate,  and  the  alum  is  dissolved  out  by  water.  By  frequent 
crystalization  it  is  purified  from  the  oxide  of  iron,  which  obsti- 
nately adheres  to  it.  In  Italy  it  is  prepared  from  alum-stone, 
which  occurs  at  Tolfa,  near  Rome,  and  in  most  volcanic  dis- 
tricts, being  formed  apparently  by  the  action  of  sulphuric  acid 
vapors  on  felspathic  rocks.  The  materials  of  the  alum  exist  in 
the  stone  ready  formed ;  and  they  are  extracted  by  gently 
heating  the  rock,  exposing  it  for  a  time  to  the  air,  and  lixivia- 
tion.     The  alum  from  this  sowtce  has  been  long  prized,  in 
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consequence  of  being  quite  free  from  iron.  In  both  of  these  pro- 
cesses the  alkali  contained  in  the  alum-rock  is  inadequate  for 
uniting  with  the  sulphate  of  alumina  which  is  obtained,  and 
hence  a  salt  of  potassa  must  be  added. 

Alum  has  a  sweetish,  astringent  taste,  and  reddens  litmus 
paper.  It  is  soluble  in  five  parts  of  water  at  60^,  and  in  little 
more  than  its  own  weight  of  boiling  water.  It  crystalizes 
readily  in  octohedrons,  or  in  segments  of  the  octohedron,  and 
the  crystals  contain  24  atoms  or  almost  50  per  cent,  of  water 
of  crystalization.  On  being  exposed  to  heat,  they  froth  up 
remarkably,  and  part  with  all  the  water,  forming  anhydrous 
alum,  the  Alumen  Ustum  of  the  Pharmacopoeia.  At  a  full  red 
heat  the  alumina  is  deprived  of  its  acid. 

This  salt  is  much  used  in  medicine  and  in  the  arts,  especially 
in  dyeing  and  calico-printing.  Ignited  with  charcoal,  it  forms 
a  spontaneously  inflammable  compound,  which  has  long  been 
known  under  the  name  oi Romberg's  Pyrophorus, 

835.  Iron  Alum. — This  compound  very  much  resembles  com- 
mon alum,  but  often,  though  not  always,  it  has  a  pink  tint.  It 
is  formed  by  mixing  sulphate  of  potassa  with  tersulphate  of 
peroxide  of  iron,  and  crystalizing  by  spontaneous  evaporation. 
It  differs  from  common  alum  in  constitution  by  containing  per- 
oxide of  iron  instead  of  alumina,  with  which  this  oxide  is  iso- 
morphous.  Amjnonia  may  also  replace  the  potassa,  producing 
a  similar  double  salt. 

836.  Chromium  Alum. — The  tersulphate  of  the  sesquioxide  of 
chromium  forms  with  potassa  and  ammonia  double  salts,  which 
are  exactly  similar  in  form  and  composition  to  the  preceding 
varieties  of  alum.  Their  crystals  are  black  by  reflected,  but 
red  by  transmitted  light. 

837.  Manganese  Alum. — This  alum  is  formed  by  the  replace- 
ment of  alumina  in  common  alum  by  the  sesquioxide  of  man- 
ganese, with  which  it  is  isomorphous.  It  is  made  with  some 
difficulty. 

838.  Basic  Alum. — Cubical  Alum. — This  substance,  which  is 
preferred  as  a  mordant  to  ordinary  alum,  is  prepared  by 
adding  carbonate  of  potassa  to  a  solution  of  alum  as  long  as 
the  precipitate  which  first  forms  is  redissolved  by  agitation.  It 
crystalizes  in  cubes,  which  have  no  acid  reaction.  Its  composi- 
tion is  Al302,2S03+KO,S03. 

NITRATES. 

839.  The  nitrates  may  be  prepared  by  the  action  of  nitric 
acid  on  metals,  on  the  salifiable  bases  themselves,  or  on  car- 
bonates. As  nitric  acid  forms  soluble  salts  with  all  alkaline 
bases,  the  acid  of  the  nitrate  cannot  be  precipitated  by  any 
reagent. 

/3l  the  nitrates  are  decomposed,  without  excepUoiv^b'^  «.  \v\%\x 


«         ■  A  —  1 —  —  Q 

■oxide  of  ammonium. . .  .1  eq.  -f-  ^  ^*  •  •  30.3  .  .H4NO,NOs 

-baryta 1  eq.  +  1  eq. . .  130.85. . BaOJNO, 

-fitrontia 1  eq.  +  1  eq*  •  •  105.95.  .SrO.NOj 
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temperature;  but  the  changes  which  ensue  are  modified  bythe  fii 
nature  of  the  oxide.  '^ 

From  some  of  them,  most  of  the  acid  passes  off  at  compara- 
tively low  temperatures  unchanged,  but  with  others  the  case 
is  different,  the  acid  being  decomposed.  Nitrate  of  potassa,for 
instance,  when  heated,  as  in  the  process  for  procuring  oxygen, 
is  decomposed  and  reduced  to  a  nitrite  of  potassa,  giving  up 
of  course  one  equivalent  of  the  oxygen  of  the  acid.  As  the 
temperature  is  raised,  still  other  complicated  changes  are  pro- 
duced, the  binoxide  and  protoxide  of  nitrogen  being  given  0% 
mixed  with  oxygen,  till  at  length  the  peroxide  of  potassium 
alone  remains  in  the  retort. 

When  nitrate  of  potassa  in  fine  powder  is  mixed  with  a 
combustible  substance,  and  thrown  into  a  red-hot  crucible, 
rapid  combustion  is  produced,  called  deflagration. 

All  the  neutral  nitrates  of  the  fixed  alkalies  and  alkaline 
earths,  together  with  most  of  the  neutral  nitrates  of  the  com- 
mon metals,  are  composed  of  one  equivalent  of  nitric  acid, 
and  one  equivalent  of  a  protoxide.  Consequently,  the  oxygen 
of  the  oxide  and  acid  in  all  such  salts  must  be  in  the  ratio  of 
1  to  5. 

840.  The  composition  of  some  of  the  principal  nitrates  is  e^diibited  m 
the  following  table  : — 

Names,  Base,      Acid,    Equiv,         SymboU,      ^' 

Nitrate  of  potassa 1  eq.  4-  1  eq. . .  101.3  .  .KO^NOg 

• soda 1  eq.  4-  1  eq. . .   a5.45.  .NaO^NO, 


t5 


^' 


Do.        do.        in   prisms  with  5  eq.  of  water  .  .150.95 

Nitrate  of  lime 1  cq.  4-  1  eq. . .  82.65.  .CaO,NOf 

magnesia 1  eq.  -j-  1  eq. . .  74.85.  .MgOJNO, 

protoxide  of  copper 1  eq.  4"  1  eq. . .  93.75.  .CuOjNOg 

Bo.        da        in  prisms  with  7  eq.  of  water  . .  156.75 

Nitrate  of  protoxide  of  lead 1  eq.  -f-  1  eq. . .  165.75.  .PbO.NOs 

Dinitrateof  do 2  eq. -f- 1  eq. .  .277.35.  .SPbCNOj 

Nitrate  of  protoxide  of  mercury  . .  .1  eq.  -j-  1  <?q. .  .26415.  .HgO,NOs 

Do.         do.         in  crystals  with  2  eq.  of  water  .  .282.15 
Nitrate  of  peroxide  of  mercury  . . .  .1  cq.  -f*  1  <><I«  •  .272.15.  .HgOs.NOs 

Dinitrate  of  do.  2  eq.  4-  1  eq. .  .490.15.  .2HgOj,^0s 

Nitrate  of  oxide  of  silver 1  eq.  4-  1  eq. .  .170.15.  .AgCNOj 

841.  Nitrate  of  Potassa. — This  salt,  the  nitre  or  saltpetre  of 
commerce,  is  generated  spontaneously  in  the  soil,  and  crys- 
talizes  upon  its  surface,  in  several  parts  of  the  world,  and  espe- 
cially in  the  East  Indies,  whence  the  greater  part  of  the  nitre 
used  in  Britain  is  derived. 

In  this  country  it  is  formed  by  decomposing  the  nitrate  of 
lime,  which  is  found  abundantly  in  caverns  in  some  of  the 
western  states,  by  the  carbonate  of  potassa  which  is  contained 
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In  wood-ashes.  In  France  and  Germany  it  is  prepared  in  arti- 
j6cial  nttre-heds.  These  consist  of  refuse  animal  and  vegetable 
substances  undergoing  putrefaction,  mixed  with  calcareous 
and  otlier  earths.  It  has  been  ascertained  that  the  oxygen  of 
the  atmosphere  unites  with  the  nitrogen,  as  it  is  gradually 
liberated  from  the  animal  substances,  forming  nitric  acid,  which 
immediately  combines  with  the  lime  and  other  earths  that  may 
be  present.  By  lixivating  the  earthy  matters  with  water,  and 
mixing  the  nitrates  of  lime,  magnesia,  &c.,  thus  obtained,  with 
carbonate  of  potassa,  the  earthy  bases  are  precipitated,  and 
nitrate  of  potassa  obtained  in  solution,  which,  by  evaporation, 
yields  the  salt  in  crystals.  In  France,  much  of  this  salt  is 
obtained  by  lixiviation  from  certain  kinds  of  plaster  of  old 
houses,  where  nitrate  of  lime  is  gradually  generated. 

Nitrate  of  potassa  is  a  colorless  salt,  which  crystalizes  readily 
in  six-sided  prisms.  Its  taste  is  saline,  accompanied  with  an 
impression  of  coolness.  It  requires  for  solution  seven  parts 
of  water  at  60^,  and  its  own  weight  of  boiling  water.  It  con- 
tains no  water  of  crystalization,  but  its  crystals  are  never  quite 
free  from  water  lodged  mechanically  within  them.  At  616°  it 
undergoes  the  igneous  fusion,  and,  like  all  the  nitrates,  is  decom- 
posed by  a  red  heat. 

Nitre  is  chiefly  employed  in  chemistry  as  an  oxydizing 
agent,  and  in  the  formation  of  nitric  acid.  Its  chief  use  in 
the  arts  is  in  making  gunpowder,  which  is  a  mixture  of  nitre, 
charcoal,  and  sulphur,  in  the  ratio  of  about  6  parts  of  nitre  to 
1  of  each  of  the  other  substances.  The  proportions,  however, 
are  not  always  the  same.  The  nitre,  by  its  decomposition, 
furnishes  oxygen  (365),  which  combines  the  carbon,  the  sul- 
phur at  the  same  time  uniting  with  the  potassa.  The  action  of 
gunpowder  depends  upon  its  generating,  when  decomposed,  a 
large  quantity  of  gaseous  matter  at  a  high  temperature.  The 
gases  are  chiefly  nitrogen  and  carbonic  acid,  which  at  the 
moment  of  explosion  occupy  more  than  1000  times  the  volume 
of  the  powder  from  which  they  are  formed.  The  formation  of 
the  gases  is  not  instantaneous,  but  occupies  a  certain  time,  and 
the  ball  is  forced  from*  the  gun  with  a  velocity  due  to  the  ulti- 
mate effect  of  the  whole.  This  salt  is  also  used  in  the  manu- 
facture of  nitric  acid  (423).  It  is  a  powerful  antiseptic,  and  is 
therefore  used  with  common  salt  in  the  preservation  of  meat 
and  other  substances. 

Nitre  has  sometimes  been  mistaken  for  sulphate  of  soda,  but 
may  readily  be  distinguished  from  it  by  its  deflagrating  when 
thrown  upon  burning  charcoal. 

842.  Nitrate  of  Soda  resembles  nitrate  of  potassa  in  many  of  its  proper- 
ticg,  but  cannot  be  substituted  for  it  in  the  manufacture  of  grunix>wder.  It 
may  be  used  in  the  manufacture  of  nitric  acid. 

843.  Nitrate  of  Baryta. — This  salt  is  sometimes  used  as  a  reagent,  and 
for  preparing  pure  baryta.    It  is  easily  prepared  by  digesting  the  native 
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itric  icid,  ditiilcd  with  eight  or  lei 
■u  m^ni  iH  iiaici.  The  J»lt  cry«Uli«ui  readily  hy  evoporalit 
puttu  aahf  dlDOi  uclahedfons,  and  is  icrf  apt  la  tlecrepilale  by 
imii— ly  reduced  hi  povder.  It  nquii»  1^  parta  of  water  at  60^  inill 
m  *  of  boUiDf  KaUr  Cm-  mluUon,  but  is  iiinilDlila  in  alcohal.  It  undHgoa 
Um  tpiwHU  touna  ka  tlw  lire  Uetiire  being  decomposed. 
ML  Aimlr^^ndia.—ThiintliiitybB  made  fro 
MHW  ■nluirr  u  Ilw  SiregaiBe  CDinpound,  lo  which  it  is  cicnMUng-lf  amk 
(•■».  It  temmonlj  crystalina  ia  antiydrniiB  nclohedronit,  wfitdi  unddio 
ka  i*i*g'  in  •  Bwdrntely  dry  aliODBpheie,  and  are  insoluble  in  bImIiUI 
M  wmrtiinia  it  conUin*  30  per  cent,  uf  water  of  crysU 

ML  IRlrtta  rf  lUmiaiid  Magiutia. — Tliescsalta  crystaliie  in  hydntod 
ptiwn  wfc™  tbeir  nlaliona  ire  caDGCDlrated  lo  the  conjialcncc  uf  smji 
W  Uw  fouilily  of  w.ler  wfaicb  Ihej  conliin  is  not  Bscertainod,  TtiiJ 
AfiBBMCTnpidly  inlbaair,  areveryaolubteia  Water,  and  are  dJsaol.Edb; 
■Isalnil,  th*  nilnleoriiiaa  nian  freely  than  nitrate  of  mngnGiii. 

i«  fiiund  nnliva  in  great  abundance  io  caverni  ia  K«- 

iilb»iB>leni.Ute«  [841). 

E^Btt  Mtrw<(«<Prii(Bsub  a/Ci>/ipfr.—Thiaulti9  prepared  bylheictia 

^■bric  •dd  on  eon^r.     It  cr^aldiiei.  Ihough  with   some  diJIicnIlr,  U 

mmt  cf  a  deep  blue  color,  which  ira  tery  Boluble  in  water  and  atc^ 

■IMbannonotpMure  to  the  air.     When   heated  lo  redncsa  it  rirfii 

■t^Maf  copper. 

ML  JHIMt  •/  I'Totiutiitr  o/ Lm,!.— Tliia  Ball  is  formed  by  diga(iii[ 
km  i*  JilntB  nitfle  acid,  and  ciyirtnliiH.  readily  in  Mtoliedrona  whici 
'  -^^-" — I  and  almost  always  opaque.    It  has  an  acid  reaction,  but  ii 


iparlanL     The  fiiil  . 
tcid.  diluted  wiLb  Ihnc 


lufi 


M&  fll«i«i™Bf  Mercury.— There  are  sever 
tbe  fitlmuime  tni  the  ptmiliale  are  the  mc 
wieuigilty  Ibrmisi  by  dig«ting  mercury  in  n 
«r  jbor  palti  of  water,  until  llie  acid  is  salura 
•(4al>ga  to  eraporate  fponlanMiudy  in  an  open  vessel.  The  aaluLioo  nhiayi 
CsnCiiiBBI  &>1  mncnilraleoflheperoiidc,  but  if  metallic  mercury  it  Ut 
in  Itie  liquid,  a  pure  prolonilrate  is  g-rodually  deposited. 

n'hca  iiwrciiri  is  heated  in  an  excess  ofslronf;  nitric 
with  trisk  (lli-rveisencc,  owing  lo  the  escape  of  binoxidc  of  nilrogCDi 
■nnapatnl  priimalic  cryslaliorthe^cmjlrsfe  are  deposited  as  tliesoli 

H9.  yitrate  t>f  Silter.— silver  is  readily  oxydized  and  di» 
solrad  by  tiilric  acid  diluled  with  two  or  three  times  its  wei^l 
of  w»lcT,  forming  a  solution  which  yields  transparent  tabular 
Ctystals  by  evaporation.  These  cj-ystals.  which  are  anhydrous, 
Wldervo  ihe  igneous  fusion  at  420=',  and  yield  a  crystaline 
B^"  in  cooling :  but  when  the  temperature  reaches  600'  or 
3  complete  decoiTi position  ensues,  the  acid  being  resolved 
I  oxyjen  and  nitrous  acid,  while  metallic  silver  is  Idt 
TO  liquefied  by  heat,  and  received  in  small  cyliodrittl 
Mb,  it  ronns  llic  t'.pis  infernalia  or  lanar  cmistir,  emplo]  "" 
If  mrgeons  as  a  cautery.  The  nitric  acid  appears  to  be  . 
"BBl  which  destroys  the  animal  texture,  and  the  black  sti 
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is  owing  to  the  separation  of  oxide  of  silver.  It  is  sometimes 
employed  for  giving  a  black  color  to  the  hair,  and  is  the  basis 
of  indeJible  ink,  used  for  marking  linen. 

The  pure  nitrate  is  colorless  and  transparent,  and  does  not 
deliquesce  by  exposure  to  the  air;  but  common  lunar  caustic 
4s  dark  and  opaque,  and  dissolves  imperfectly  in  water,  owing 
to  some  of  the  nitrate  being  decomposed  during  its  prepara- 
tion. It  is  often  adulterated  with  nitre,  which  is  melted  with  it. 
•The  pure  salt  is  soluble  in  Its  own  weight  of  cold,  and  in  half 
its  weight  of  hot  water.  It  dissolves  also  in  four  times  its 
"weight  of  alcohol.  Its  aqueous  solution,  if  preserved  in  clean 
glass  vessels,  undergoes  little  or  no  change  even  in  the  direct 
solar  rays;  but  when  exposed  to  light,  rspecially  to  sunshine, 
in  contact  with  paper,  the  skin,  or  any  organic  substance,  a 
black  stain  is  quickly  produced,  owing  to  decomposition  of  the 
salt  and  reduction  of  its  oxide  to  the  metallic  state. 

CHLORATES. 

850.  The  salts  of  chloric  acid  are  very  analogous  to  the 
nitrates.    As  the  chlorates  of  the  alkalies,  alkaline  earths,  and 
most  of  the  common  metals  are  composed  of  one  equivalent  of 
chloric  acid  and  one  equivalent  of  a  protoxide,  it  follows  that 
tlie  oxygen  of  the  former  to  that  of  the  latter  is  in  the  ratio  of 
1  to  5.     The  chlorates  are  decomposed  by  a  red  heat,  nearly 
all  of  them  being  converted  into  metallic  chlorides,  with  evolu- 
tion of  pure  oxygen  gas.     They  deflagrate  with  inflammable 
substances  with  greater  violence  than  nitrates,  yielding  oxygen 
with   such  facility  that  an  explosion  is  produced    by  slight 
causes     Thus  a  mixture  of  sulphur  with  three  times  its  weight 
of  chlorate  of  potassa  explodes  when  struck  between  two  hard 
surfaces.     With  charcoal  and  the  sulphurets  of  arsenic  and 
antimony  this  salt  forms  similar  explosive  mixtures;  and  with 
phosphorus  it  detonates  violently  by  percussion.     One  of  the 
mixtures  employed  in  the  percussion  locks  for  guns  consists  of 
sulphur  and  chlorate  of  potassa,  with  which  a  little  charcoal  or 
gunpowder  is  mixed ;  but  as  the  use  of  these  materials  is  found 
corrosive  to  the  lock,  fulminating  mercury  is  now  generally 
preferred . 

All  the  chlorates  hitherto  examined  are  soluble  in  water, 
excepting  the  chlorate  of  protoxide  of  mercury,  which  is  of 
sparing  solubility.  These  salts  are  distinguished  by  the  action 
of  strong  hydrochloric  and  sulphuric  acids,  the  former  of  which 
occasions  the  disengagement  of  chlorine  and  protoxide  of  chlo- 
rine, and  the  latter  peroxide  of  chlorine. 

None  of  the  chlorates  are  found  native,  and  the  only  one  that 
requires  particular  description  is  the 

851.  Chlorate  of  Potassa. — This  salt,  formerly  called  oxymyr- 
riate  or  hyper-oxymuriate  of  potash,  is  colorless,  and  crystalizes 
in  four  and  six-sided  scales  of  a  pearly  lustre.    Its  primary 


foriD  Is  an  oblique  rhombic  prisr 
its  weight  of  walcr  at  00',  and  i 


8  soluble  in  sixteen  timti 
1  and  a  lialf  of  boiling 


iricrPai>lng  the  heat  almost  to  redness,  effervescence  ensues, 
■nil  pure  oxygen  gas  is  disengaged  C3ti5).     it  can  bear  a  heal 
uf  000'  without  decomposition. 
Chlorate  of  potassa  is  made  by  transmitting  chlorine 

through  a  concentrated  solution  of  pure  potassa,  until  the  al 

Is  completely  neutralized.  The  solution,  which,  after  bdof 
boiled  for  a  few  minutes,  contains  nothing  but  chloride  or 
potassium  and  chlorate  of  potassa,  is  gently  evaporated  till  > 

?Hlcle  forms  upon  its  surface,  and  is  (hen  allowed  to  cooi, 
he  greater  part  of  the  chlorate  crystalizes,  while  the  ehlcdde 
renmine  in  solution.  The  crystals,  after  being  washed  "■ 
cold  water,  may  be  purified  by  a  second  crystalization. 

This  salt  has  been  much  used  in  the  manufacture  of  the  Lo- 
cifer  matches.  It  yields  its  oxygen  with  the  greatest  readinea, 
aad  explodes  when  mixed  with  any  combustible,  as  phosp 
araenic,  or  sulphur,  and  struck  violently  with  a  hammer, 
slituted  for  nitrate  of  potassa  in  gunpowder,  it  answers  weli 
for  many  purposes,  but  the  manumdure  is  so  extremely  dilh 
gerous  that  it  is  not  now  practised. 


858.  Hwoflitnrite  of  Lime— The  iiypochlorites  arc  produced 
by  the  action  of  chlorine  ^as  on  the  saliflable  bases  (536).  The 
most  important  of  them  is  the  hypochlorite  of  lime,  the  well- 
known  bleaching  tatt,  which  has  usually  been  described  as  itM 
chloride  of  lime.  It  is  prepared  for  commercial  purposes  by' 
exposing  thin  strata  of  recently-slaked  lime  in  fine  powder  \a 
an  atmosphere  of  chlorine.  The  gas  is  absorbed  in  large  quait- 
lily,  and  chloride  of  calcium  and  hypochlorite  of  lime  are  pn>- 
tluce<d  In  equivalent  proportions. 

It  Is  n  Aty  white  powder,  which  smells  faintly  of  chlorine 
UKI  has  H  sli-ong  taste.  It  dissolves  partially  in  water,  and  the 
aolnUoo  puajcsses  powerful  bleaching  properties,  and  contain* 
boUi «Mi>rinc  and  lime;  while  the  undissolved  portion  is  hy- 
dnttv  «f  finw.  rclnining  a  small  quantity  of  chlorine.  The 
MMWiW  wihriitui,  when  exposed  to  the  atmosphere,  is  gradif 
Mir  >hvM>H»nnnl  i  rhlorinc  is  set  free,  and  carbonate  of  lime 
IjlWlilMi  J.  H  ie  abo  ij<'eoniposed  by  a  strong  heat :  at  firat 
tMM^tevvtftvvd;  bat  pure  oxygen  is  afterwards  disengage^ 
JB>>tWirrttM  if  ~tiH""'  remains  in  the  retort. 
■  "^  "Jlhtw  lu  some  JjUtTvnee  of  opinion  with  regard  to  the 
iguHuii  (ff  this  w>ni|>PHnd,  but  it  is  believed  to  be  in 
*  ««h  the  name  i^iven  above.  Tlie  bleaching  salt 
ways  coutaiiismore  or  less  hydrate  of  lime 
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mixed  with  it,  as  the  result  of  the  peculiar  manner  of  manu- 
facturing it. 

This  substance,  in  consequence  of  the  ready  method  it  affords 
of  preparing  chlorine  (535),  is  extensively  used  in  the  arts  and 
in  medicine. 

The  relative  value  of  different  specimens  of  bleaching 
salt  may  be  determined  by  ascertaining  the  comparative  quan- 
tities of  pure  indigo  they  are  capable  of  bleaching. 

Hypochlorite  of  Soda. — This  is  the  disinfecting  liquor  of  La- 
bar  ague,  sometimes  also  called  chloride  of  soda.  It  is  prepared 
by  passing  a  current  of  chlorine  gas  through  a  solution  of  car- 
bonate of  soda,  as  long  as  chlorine  is  absorbed,  but  no  carbonic 
acid  evolved.  Its  use  is  much  the  same  as  that  of  the  com- 
pound last  described. 

PHOSPHATES. 

854.  As  phosphoric  acid  is  poly  basic,  we  shall  of  course 
expect  to  find  formed  from  it  corresponding  salts.  They 
are  the  monobasic,  the  bibasic,  and  the  tribasic  phosphates. 
Tiie  bibasic  phosphates,  as  the  name  implies,  contain  2  equiva- 
lents of  base  united  with  1  eq.  of  acid,  but  of  these  2  eq.  of 
base  1  eq.  may  be  water  and  the  other  belong  to  some  fixed 
base.  So  in  the  tribasic  phosphates,  there  may  be  1  or  2  eq. 
of  fixed  base,  the  rest  in  either  case  being  water. 

855.  A  few  only  of  the  phosphates  will  be  here  described,  the  composi- 
tion of  which  will  be  seen  from  the  following  table : 

Names.  Base,      Acid.    Equiv.         Symhole. 

Tribasic  phosphate  of  soda 3  eq.  +  I  eq. .  .165.33.  .SNaOtPgOj 

Do.        do.        in  crystals  with  24  eq.  of  water.  .381.3 

Do.       do.        J^*: ?«'i+leq.l43.    ..P^'OiHO' 

>  water I  eq*  j  ^^     ^  f      "aOg 

Do.        do.         H,"i; J«l|  +leq.l20.7  ..|NaO,2HO, 

i  water *  ®*1' f  }      *20« 

Tribasic  phoe.  of  so- 1  soda I  eq.  2  t  NaO.H^ 

da,  ox.  of  ammon.  <  ox.  ammon  .  .1  eq.  >  -f- 1  eq.  137.85. .  <      NO,HO, 

and  basic  water. .  f  water I  eq.  ^  f     P«05 

Phasic  phosphate  of  soda 2  eq.  soda-|- 1  eq.  134.0  .  .2NaO,Fa05 

^^        °°"  )  water 1  eq.  J  ^  ^  ^^•^^^•'   ' '  J      P2O5 

Jfonobasic  phosphate  of  soda    . . .  .1  eq.  soda+l  eq.  102  7  .  .NaO^PaOg 

856.  TVibasic  Phosphate  of  Soda.— -This  salt  is  made  by 
adding  pure  soda  to  a  solution  of  the  succeeding  compound 
until  tne  liquid  feels  soapy  to  the  fingers,  an  excess  of  soda  not 
being  injurious.  The  liquid  is  then  evaporated  until  a  pellicle 
appears,  and  the  crystals  which  form  on  cooling  are  quickly 
redissolved  in  water  and  recrystalized. 

It  crystalizes  in  colorless  six-sided  slender  prisms,  which 
have  a  strong  alkaline  taste  and  reaction,  require  5  tlm^^  ti«.\x 
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weifht  of  water  at  60^  and  still  less  of  hot  -water,  for  soJulimi, 
and  at  IJ(P  fuse  in  their  water  of  crystalization.  They  maj 
bp  enposed  to  a  red  heat  without  losing  the  characters  of  3 
phosphate.  The  feeblesl  acids  deprii'e  llje  salt  of  one-third  d 
jta  snda. 

The  fomiuon  phosphate  of  soda  of  the  shops  is  a  tribaac 
phosphnte.  but  I  eq  of  its  base  is  water.  It  is  manufectiiml 
on  a  largescalc  by  neutralizing  with  carlranateofsoda  theadd 

Stiosphalc  of  lime  procured  Ijy  the  action  of  sulphuric  aridoa 
limed  l>ones  (cWJ-  It  is  generally  described  as  the  neutnil 
phosphate  of  soda,  and  for  distinction's  sake  is  soniettioM 
termed  rlwiidiic  photpkate,  from  its  crystals  having  the  form  of 
oblique  rhombic  prisms. 

A  third  irtbasicphosphatcof  sodaia  the  salt  commonly  called 
iiphotphale  of  Modo,  or  acid  Iriphogphate  of  soda  and  tcalir, 
from  its  acid  reaction.  It  contains  I  eq.  of  soda  and  2  eq  of  water, 
and  may  be  formed  by  adding  phosphoric  acid  to  a  solutioa 
of  carbonate  of  soda,  or  to  either  of  the  preceding  phosphates, 
until  it  ceases  to  give  a  precipitate  with  chloride  of  barium. 
Being  very  soluble  in  water,  the  solution  must  be  concentreted 
in  order  that  it  may  cryatafize. 

Heated  to  400=  this  salt  parts  with  half  its  basic  water,  and 
becomes  a  bibaslc  phosphate  of  soda,  containing  for  its  tiasfifl 
single  equivalent  of  soda  and  water  (855),  but  at  a  red  beatit 
parts  with  al!  its  water,  and  is  converted  into  monobasic  plic* 
phateofsodn. 

All  these  three  varieties  of  phosphate  of  soda  give  with  the 
nitrate  of  silver  a  yellow  precipitate  (514)  of  tribasic  phosphate 
of  silver. 

857.  Tribaiie  Phosphate  of  Soda,  Oridt  af  Ammomam,and  Bam 
This  Hilt  ii  enaity  prepared  by  m'ning  together  one  equivalent 
chlorda  of  ammonia  and  two  Eqiiiynleols  of  Oie  rhombic  pliosphj 
each  being  prcvionfly  dissolved  in  a  gmaU  quonlily  of  water.  As 
coola.  prismatic  erjslals  of  llie  doohla  pboFphnle  are  deposited,  1 
lide  oiHHiJam  remains  in  solution.  Their  primnrj  Ibrm  is  an  oUiqi 
priam.  This  salt  haa  been  lour  koowa  by  the  name  of  microei 
and  ia  much  employed  as  a  flui  io  eiperimenta  with  the  hlowpip 
heated,  it  pnrli  with  its  water  and  ammonm,  and  a  very  fusible 
pbate  of  soda  remains. 

658.  Bidflric  FhoiphaU  o/Soio.— Thia  aait  is  formed  fay  bealine 
cominon  phosphate  of  Boda  (aNaO,HO,PjO.O  to  redncBU  (856)  ;  both 
water  of  erystaliiation  and  the  basic  water  are  expelled,  and  with  nit 
oif  siItbT  I  while  prccipilata,  the  bibasio  phoaphole,  is  formed,  aNaO,?! 
which  by  solution  in  water  does  not  tecombine  with  baa! 
bibaaic  phosphnte  contains  one  equivalent  of  hssic  watt 
thna,  NaO,HO,PiOi. 

B59.  Monobasic  Fhotphale  of  Sodo— Monobasic  phospdalo  of  soda,  , 
P,Oi,  may  bo  formed  by  boating  to  redness  citJier  the  variety  of  bit 
■alt  last  mentioned,  or  the  acid  tribnsic  phosphate,  NaO,  2H0.  P,r 
expel  al!  their  tosic  water.    It  tbrma  with  nitrate  of  ailver  r  —'■'■-  — 


ARSENIATESy    ARSENITES.  341 

tate,  which  remains  in  flakes,  unlike  the  white  precipitate  formed  bj  the 
bibiisic  (858)  phosphate. 

860.  Dribanc  Phosphate  of  Lime, — Tiiis  salt,  often  called  bone  phosphate^ 
eonstitutes  the  chief  part  of  the  solid  or  inorganic  portion  of  the  bones  of 
animals,  mixed  only  with  small  portions  of  carbonate  and  sulphate  of  lime 
and  flaoride  of  calciam.  It  is  composed  of  8  equivalents  of  lime  united 
with  3  equivalents  of  acid ;  but  is  probably  a  compound  of  the  two  varieties 
of  phosphate  of  lime  aCSCaO.PsOs),  2CaO,HO,Pj|05,  each  of  which  may 
be  obtained  separately. 

The  mineral  called  apatite,  which  is  found  in  hexagonal  prisms  of  a  beau- 
tifbl  green  color,  is  composed  chiefly  of  tribasic  phosphate  of  lime. 

ARSENIATES. 

861.  Arsenic  acid  resembles  phosphoric  acid  in  many  of  its  properties, 
particularly  in  its  strong  tendency  to  form  tribasic  arseniates. 

Many  of  the  arseniates  bear  a  red  heat  without  decomposition,  or  being 
otherwise  modified  in  their  characters ;  but  they  are  all  decomposed,  when 
heated  to  redness,  along  with  charcoal,  metallic  arsenic  being  set  at  liberty. 
The  arseniates  of  the  fixed  alkalies  and  alkaline  earths  require  a  rather  high 
temperature  fi>r  reduction ;  while  the  arseniates  of  the  second  class  of 
tnetais,  as  of  lead  and  copper,  are  easily  reduced  in  a  glass  tube  by  means 
criT  a  spirit-lamp,  without  danger  of  melting  the  glass. 

Ijike  the  tribasic  phosphates,  these  salts  may  contain  either  1  or  2  eq.  of 
water  in  connection  with  a  fixed  base.  So  also  those  that  contain  2  eq.  of 
basic  water,  like  the  corresponding  phosphates,  have  an  acid  reaction,  and 
were  formerly  considered  as  biarseniates. 

The  three  tribasic  arseniates  of  soda  are  composed  as  follows: 

Names,  Base.     Acid,    Equiv,         SymhoU. 

TTribasic  arseniate  of  soda 3  eq.  -(-  1  eq. .  .209.3  .  .3NaO,As05 

TV.         A^  5  soda 2«q'?  _ii««iQ7  5  2NaO,HO, 

^        ^°-         iwater 1  e^.  J  +  ^  ^•^^^-     "]     As^o/ 

^  .  \  soda i  cq.  #     ,    ,        icat        )  NaO,2HO, 

^        «'»•         Iwater 2  e^.  J  +  ^  ^'^^^  ' "  )      Ab^o/ 

No  further  description  of  these  salts  is  necessary. 

8^  Tribasic  arseniate  of  lime  is  sometimes  found  native,  and  is^icalled 
fkarmaeolUe  by  mineralogists.  The  tribasic  arseniate  of  lime  is  some- 
times found  to  replace  the  corresponding  phosphate  of  lime  in  the  bones  of 
animals. 

ARSENITES. 

863.  Thk  arsenitcs  are  little  known.  One  or  two  only  are  seen  in 
common,  as  the  arsenite  of  potassa  and  of  oxide  of  copper ;  the  former  of 
whidi  is  the  active  principle  of  Fowler^s  arsenical  solution,  and  the  latter 
is  used  as  a  pigment 

The  common  names  for  arsenite  of  copper  is  SckeeWs  green.  It  is 
prepared  on  a  large  scale  by  precipitation  from  a  solution  of  sulphate  of 
copper  and  a  mixture  of  arsenious  acid  and  pure  carbonate  of  potassa. 
Another  freen  pigment,  called  emerald  green,  is  a  definite  compound  of 
acetate  of  copper  and  the  arsenite. 
29* 
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.  864.  TsB  salts  of  chromic  acid  are  distinguished  for  their 
beautiful  colors,  most  of  thera  being  either  yellow  or  red,  the 
latter  color  predominating  when  ttie  acid  is  in  excess.  They 
may  be  Itnown  chemically  by  the  following  character.  On 
boiling  a  chromate  in  liydrochloric  acid  mixed  with  alcohol, 
the  cliromic  acid  is  at  first  set  free  and  is  then  decomposed,  a 
green  solution  of  the  cliloride  of  chromium  Ijeing  generated. 

The  only  native  chromate  liitbcrto  discovered  is  the  red 
dichromate  of  protoxide  of  lead  irom  Siberia,  in  the  examina- 
tion of  which  Vauquelin  made  the  discovery  of  chromium. 

865,  Chrowate  of  Pota»aa. — The  neutral  chromate,  from 
which  all  the  compounds  of  cliromium  are  directly  or  indirectly 
prepared,  is  made  by  heating  to  redness  the  native  oxide  of 
chromium  and  iron,  commonly  called  chromate  of  iron,''  with 
nitrate  of  potassa,  when  chromic  acid  ia  generated,  and  unites 
with  the  alliali  of  the  nitre.  The  object  to  be  h^Id  in  viewia 
to  employ  so  small  a  proportion  of  nitre,  that  the  whole  of  0» 
alkali  may  combine  with  chromic  acid,  and  constitute  a  neu- 
tral chromate,  which  is  easily  obtained  pure  by  solution  in 
water  and  erystalization.  For  this  purpose  the  chromate  of 
iron  is  mixed  with  about  a  fifth  of^  its  weight  of  nitre,  and 
exposed  to  a  strong  heat  for  a  considerable  time;  and  the  pro- 
cess is  repeated  with  those  portions  of  the  ore  which  are  not 
attacked  in  the  first  operation.  It  is  deposited  from  its  solultoa 
in  small  prismatic  anhydrous  crystals  of  a  lemon-yelJow  color, 
the  primary  form  of  which  is  a  right  rhombic  prism. 

Chromate  of  potassa  has  a  cool,  bitter,  and  disagreeable 
taste.  It  is  soluble  to  great  extent  in  boiling  water,  and  in 
twice  its  weight  of  that  liquid  at  60= ;  laut  it  is  insoluble  in 
alcohol. 

866.  Bichromate  of  Potassa. — The  bichromate  of  pol 
■which  is  made  in  large  quantity  at  Glasgow  for  dyeing,  is 
pared  by  acidulating  the  neutral  chromate  with  sulphuri< 
still  better,  with  acetic  acid,  and  allowing  the  solution  to  cnj 
tailze  by  spontaneous  evaporation.  When  slowly  formed  BL 
deposited  in  four-sided  tabular  crystals,  the  primary  fomiS 
which  is  an  oblique  rhombic  prism.  They  have  an  exceediuf 
rich  red  color,  are  anhydrous,  and  consist  of  one  equivalenSj 
the  alkali,  and  two  equivalents  of  chromic  acid.  They  3 
soluble  in  about  ten  times  their  weight  of  water  at  60',  and  Q 
Bolution  reddens  litmus  paper. 

The  inaoluble  salts  of  chromic  acid,  such  as  the  chromates 
of  baryta  and  oxides  of  zinc,  lead,  mercury,  and  silver,  are  j 
prepared  by  mixing  the  soluble  salts  of  those  bases  witb,^ 


necul  13  found  Bbundantly  Ui 


u  fsiia  of  (he  Dailed  Slalaa 


BORATES.  343 

solution  of  chromate  of  potassa.    The  three  former  are  yellow^ 
the  fourth  orange-red,  and  the  fifth  deep  red  or  purple. 

8I&7.  ChromcUe  of  Lead. — This  is  the  beautiful  yellow  pigment 
called  chrome  yeUow,  It  consists  of  one  equivalent  of  the  acid 
and  one  equivalent  of  the  protoxide  of  lead.  It  is  formed  by 
mixing  solution  of  chromate  of  potassa  with  acetate  or  nitrate 
of  lead. 

A  bi  basic  or  dichromate,  composed  of  one  equivalent  of 
chromic  acid  and  two  equivalents  of  protoxide  of  lead,  may  be 
formed  by  boiling  the  carbonate  of  that  oxide  with  excess  of 
chromate  of  potassa.  It  is  of  a  beautiful  red  color,  and  has 
been  recommended  as  a  pigment. 

ChromcUe  of  zinc  may  be  used  for  the  same  purpose  as  the 
chromate  of  lead. 

BORATES. 

868.  The  boracic  is  a  feeble  add,  and  never  neutralizes  the 
alkalies  perfectly;  and  therefore  when  its  salts  are  digested 
with  any  of  the  more  powerful  acids,  as  the  sulphuric  or  nitric, 
the  boracic  acid  is  separated  from  its  base.  This  does  not 
happen,  however,  at  high  temperatures,  for  boracic  acid,  owing 
to  its  fixed  nature,  decomposes  at  a  red  heat  all  salts,  not 
excepting  sulphates,  the  acid  of  which  is  volatile. 

The  borates  of  the  alkalies  are  soluble  in  water,  but  most  of 
the  other  salts  of  this  acid  are  of  sparing  solubility.  They  are 
not  decomposed  by  heat,  and  the  alkaline  and  earthy  borates 
resist  the  action  of  heat  and  combustible  matter.  They  are 
remarkably  fusible  in  the  fire,  a  property  obviously  owing  to 
the  great  fusibility  of  boracic  acid  itself 

The  borates  are  distinguished  by  the  following  character: 
By  digesting  any  borate  in  a  slight  excess  of  strong  sulphuric 
acid,  evaporating  to  dryness,  and  boiling  the  residue  in  strong 
alcohol,  a  solution  is  formed,  which  has  the  property  of  burning 
with  a  green  flame. 

869.  Biborate  of  Soda, — This  salt,  the  only  borate  of  im- 
portance, occurs  native  in  some  of  the  lakes  of  Thibet  and 
Persia,  and  is  extracted  from  this  source  by  evaporation.  It  is 
imported  from  India  in  a  crude  state,  under  the  name  of  tincal, 
which,  after  being  purified,  constitutes  the  refined  borax  of 
commerce.  It  is  also  prepared  to  some  extent  by  neutralizing 
the  native  boracic  acid  found  in  Tuscany  with  carbonate  of 
soda.  When  exposed  to  heat  the  crystals  are  first  deprived 
of  their  water  of  crystalization,  and  then  fused,  forming  a  vitre- 
ous, transparent  substance,  called  glass  of  borax. 

The  chief  use  of  borax  is  as  a  flux,  and  for  the  preparation 
of  boracic  acid.  Biborate  of  magnesia  is  a  rare  natural  pro- 
duction, which  is  known  to  mineralogists  by  the  name  of 
boracite. 
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CARBONATES. 

870.  The  carbonates  are  distinguished  from  other  salts  by 
being  decomposed  with  effervescence,  owing  to  the  escape  A 
carbonic  acid  gas,  by  nearly  all  the  acids;  and  nearly  all  of 
them  may  be  deprived  of  their  acid  by  heat  Several  require 
an  intense  white  heat  to  decompose  them,  but  others,  as  the 
carbonates  of  lime  and  magnesia,  are  reduced  to  the  caustic 
state  by  a  full  red  heat 

All  the  carbonates  except  those  of  potassa,  soda,  and  am- 
monia, are  of  sparing  solubility  in  pure  water ;  but  all  of  them 
are  more  or  less  soluble  in  an  excess  of  carbonic  acid,  owiDff 
doubtless  to  the  formation  of  supersalts.  Thus,  carbonate  a 
lime  is  nearly  insoluble  in  pure  water,  but  water  impregnated 
with  carbonic  acid  dissolves  a  considerable  portion  of  it,  which 
however  is  deposited  when  the  excess  of  acid  escapes.  Hence 
the  water  of  many  springs  impregnated  with  this  gas,  deposite  ^ 
the  carbonate  of  lime,  dec,  which  nad  been  held  in  solution,  on 
coming  into  the  open  air,  forming  the  mounds  that  frequenOy 
surround  mineral  springs. 

871.  Several  of  the  carbonates  occur  native,  among  which 
may  be  enumerated  the  carbonates  of  soda,  baryta,  strontia, 
lime,  magnesia,  and  the  protoxides  of  manganese,  iron,  copper, 
and  lead ;  together  with  some  double  carbonates,  such  as  dolo- 
mite, the  double  carbonate  of  lime  and  magnesia,  and  bary- 
tocalcite,  the  double  carbonate  of  baryta  and  lime. 

872.  The  compoflition  of  some  of  the  principal  carbonates  is  stated  in  Ik 
£)IIowing  table : 

Names,  Base,      Acid,    Eguiv,         Sytnholi* 

Carbonate  of  potassa 1  eq.  -|-  1  eq. . .  69.27. . .  .KOtOO^ 

Bicarbonate  of  potassa .1  eq.  -j-  2  eq. . .  91.39. . .  .KO,2CO] 

Do.        do.        in  crystals  with  1  eq.  of  water.  .100.39 
Carbonate  of  soda 1  eq.  -|-  1  eq . . .  53.42. . .  .NaO,COs 

Do.        do.        in  crystals  with  10  eq.  of  water.  .143.42 

Da        do.        in  crystals  with  7  eq.  of  water.  .116.42 
Bicarbonate  of  soda 1  eq.  -f-  2  eq. . .  75.54. . .  .NaO,2C0) 

Do.        da        in  crystals  with  1  cq.  of  water. .  84.54 

Carbonate  of  ammonia 1  eq.  -f- 1  eq. . .  39.27. . .  .HsNtCOa 

i baryta 1  eq.  -|-  1  eq. . .  9a82. . .  .BaOXX)] 

. strontia 1  eq.  +  1  eq. . .  73.92. . .  .SrO,COs 

. lime  (marble) 1  eq.  -f-  1  eq. . .  50.62. . .  .CaO,C0i 

i^ magnesia 1  eq.  -f- 1  eq. . .  42.82. . .  .MgO,CO, 

873.  Carbonate  of  Potassa, — This  salt  has  a  taste  strongly 
saline,  is  slightly  caustic,  and  communicates  a  green  tint  to  the 
blue  color  of  the  violet.  It  dissolves  in  less  than  an  equal 
weight  of  water  at  60^,  deliquesces  rapidly  on  exposure  to  the 
air,  and  crystalizes  with  much  difficulty  n*om  its  solution.  In 
pure  alcohol  it  is  insoluble.  It  fuses  at  a  foil  red  heat,  but 
undergoes  no  other  change.    It  is  best  obtained  in  a  state  of 
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'  by  calcining  tartrate  of  potassa  in  the  open  air,  by  which 

irtaric  acid  is  decomposed  and  carbonic  acid  formed, 

combines  immediately  with  the  potassa.    The  mass  is 

0  be  digested  in  pure  water  and  filtered  and  carefully 
rated. 

The  potash  of  commerce  is  procured  from  the  ashes  of 
)lants  by  lixiviating  them,  and  evaporating  the  solution 
rness.  It  consists  of  carbonate  of  potassa,  mixed  with 
»le  proportions  of  other  salts,  and  a  minute  quantity  of 
ible  inflammable  matter.  Calcination  at  a  moderate 
Durns  off  the  coloring  particles,  and  the  salt  becomes  of  a 
y  texture  and  beautiful  bluish-white  tinge,  and  takes  the 
ofpearlash, 

jt  of  the  potash  of  commerce  is  manufactured  in  the  United 

1  and  the  Canadas,  and  in  Russia.  The  American  has 
eference  in  the  market,  as  containing  less  impurities  than 
iropean. 

An  instrument  called  an  eUkalimeter^  has  been  invented  by  Faraday 
'mine  the  quantity  of  real  carbonate  of  potassa  or  soda  in  the  impure 
ite,  which  is  often  important. 


Fig.  84. 
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a  glass  tube  sealed  at  one  end, 
)^  inches  long,  and  j  of  an  inch  in 
sr,  and  as  cylindrical  as  possible 
^hole  length,  pour  1000  grains  of 
and  with  a  file  or  diamond  mark 
ce  where  its  surface  reaches,  and 
the  space  occupied  by  the  water 
10  equal  parts,  as  is  shown  in  the  ^  ^ 
d  wood-cut  Opposite  to  the  ^^aa.. 
rs   23.44,  48.96,  54.63,  and  65, 

line,  and  at  the  first  write  soda, 
second  potassa,  at  the  third  car- 
of  soda,  and  at  the  fourth  carbon- 

potatisa.  Then  prepare  a  dilute  pp.*«„,jj, 
iving  the  specific  gravity  of  1.127  p,  ,  ^*  V  '  * 
,  which  may  be  made  by  mixing  '^^rD.  boda. .  — 
easure  of  concentrated  sulphuric 
ith  four  measures  of  distilled  water.  p.__i-  r%/^*QooQ  I 
8  the  standard  acid  to  be  used  in  ^^^°-  P^^assa  -— 
3  experiments,  being  of  such 
.h,  that  when  poured  into  the  tube 
reaches  either  of  the  four  marks 
mtioncd,  we  shall  obtain  the  exact 
y  which  is  necessary  for  neutral- 
.00  grains  of  the  alkali  written 
e  to  it  If,  when  the  acid  reaches 
rds  carb.  potassa^  and  when,  con- 
tly,  we  have  the  exact  quantity  which  will  neutralize  100  grains  of 
rbonate,  pure  water  be  added  until  it  reaches  0,  or  the  beginning  of 
le,  each  division  of  this  mixture  will  neutralize  one  grain  of  carbon- 
wtassa.    All  that  is  now  required,  in  order  to  aBcettaviL  lli^  <\\iQAtit^ 
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of  real  carbonatt  in  any  apecimen  of  pearlaah,  ia  to  diaaoWe  100  grains  of 
the  sample  in  warm  water,  filter  to  remove  all  the  inaolable  parts,  and  add 
the  dilute  acid  in  racoeaaiTe  amall  qoantities,  ontil  by  the  teat  of  litiniu 
paper,  the  solution  is  exactly  neatralized.  Each  division  of  the  mixture 
indicates  a  grain  of  pare  carbcmate. 

Carbonate  of  potassa  is  used  extensively  in  the  manufacture 
of  glass  and  of  soap.  For  the  manufacture  of  glass  the  finest 
pearlash  is  required. 

876.  Bicarbonate  of  PotcLSsa, — This  salt  is  made  by  trans- 
mitting a  current  of  carbonic  acid  gas  through  a  solution  of 
the  carbonate ;  or  by  evaporating  a  mixttire  of  the  carbonates 
of  ammonia  and  potassa,  the  ammonia  being  dissipated  in  a 
pure  state.  By  slow  evaporation,  the  bicarbonate  is  deposited 
from  the  liquid  in  hydrated  prisms  with  eight  sides,  terminated 
with  dihedral  summits,  the  primary  form  of  which  is  a  right 
rhomboidal  prism. 

It  is  also  prepared  in  a  very  economical  manner  by  distillers, 
from  common  pearlash,  by  subjecting  it  in  lumps  to  the  action 
of  the  carbonic  acid  in  their  fermenting  vats,  where  this  gas  is 
of  course  constantly  liberated.  In  consequence  of  its  having 
received  an  additionalquantity  of  gas,  it  has  been  called  cerotM 
kali,  or  more  generally,  salver aiu9. 

Bicarbonate  of  potassa,  though  far  milder  than  the  carbon- 
ate, is  alkaline  both  to  the  taste  and  to  test  paper.  It  does  jM 
deliquesce  on  exposure  to  the  air.  It  requires  four  times  its 
weight  of  water  at  60^  for  solution,  and  is  much  more  soluble 
at  212^ ;  but  it  parts  with  some  of  its  acid  at  that  temperature. 
At  a  low  red  heat  it  is  converted  into  the  carbonate.  It  is  mucii 
used  by  bakers. 

This  salt  always  contains  an  equivalent  of  water,  firom  which 
it  cannot  be  separated  without  destroying  the  salt.  It  is  there- 
fore supposed  to  be  in  reality  a  double  salt,  composed  of  car- 
bonate of  potassa  and  carbonate  of  water.  Its  composition, 
therefore,  is  K0,C03  +  H0,C02. 

877.  Carbonate  of  Soda, — The  carbonate  of  soda  of  com- 
merce is  obtained  by  lixiviating  the  ashes  of  sea-weeds,  in  the 
same  manner  as  the  carbonate  of  potassa  is  obtained  from  the 
ashes  of  land  plants.  It  is  the  sal-soda  or  barilla  of  commerce; 
an  inferior  kind  is  also  called  kelp. 

Much  of  the  carbonate  of  soda  of  commerce  is  manufactured 
from  the  sulphate  of  soda  that  is  formed  from  common  salt,  in 
the  process  for  preparing  hydrochloric  acid  (542).  The  sul- 
phate of  soda  is  mixed  with  its  own  weight  of  chaJk  and  half 
its  weight  of  charcoal;  and  after  being  reduced  to  a  fine  pow- 
der, is  exposed  to  full  red  heat  for  an  hour,  by  which  a  black 
mass  is  formed  called  black-ash,  or  British  barilla,  composed 
of  sulphuret  of  calcium  and  carbonate  of  soda,  with  excess  of 
carbon  and  other  substances.  This  is  then  digested  in  water 
and  filtered,  and  the  solution  evaporated  to  dryness,  and  agEiin 
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heated  to  redness  with  a  fourth  of  its  weight  of  saw-dust,  in 
order  to  convert  all  the  alkali  into  carbonate,  and  expel  any 
sulphur  that  may  remain.  By  again  digesting  in  water,  filter- 
ing, and  evaporating,  the  substance  caUed  white-ask  or  sodu" 
ash  is  obtained,  containing  45  or  50  per  cent,  of  the  real  car- 
bonate. From  this  the  pure  carbonate  is  procured  without 
diflSculty. 

This  salt  crystalizes  in  octohedrons  with  a  rhombic  base, 
the  acute  angles  of  which  are  generally  truncated.  The  crys- 
tals eflBoresce  on  exposure  to  the  air,  and  when  heated  dis- 
solve in  their  water  of  crystalization.  By  continued  heat  they 
are  rendered  anhydrous,  without  loss  of  carbonic  acid.  They 
dissolve  in  about  two  parts  of  cold,  and  in  rather  less  than 
their  weight  of  boiling  water,  and  the  solution  has  a  strong 
alkaline  taste  and  reaction.  The  crystals  commonly  found  in 
commerce  contain  ten  equivalents  of  water;  but  when  formed 
at  a  temperature  of  about  80^,  they  retain  only  seven  equiva- 
lents. 

The  purity  of  different  specimens  of  barilla,  or  other  carbon- 
ates of  soda,  may  be  ascertained  by  means  of  the  alkalimeter 
above  described. 

878.  Bicarbonate  of  Soda. — This  salt  is  made  by  the  same 
process  as  bicarbonate  of  potassa,  and  is  deposited  in  hydrated 
crystaline  grains  by  evaporation.  Though  still  alkaline,  it  is 
much  milder  than  the  carbonate,  and  far  less  soluble,  requiring 
about  ten  times  its  weight  of  water  at  60^  for  solution.  It  is 
decomposed  partially  at  212^,  and  is  converted  into  the  carbon- 
ate by  a  red  heat. 

It  is  the  salt  used  with  tartaric  acid  in  preparing  the  common 
effervescing  draught. 

In  consequence  of  the  improved  methods  of  preparing  the 
preceding  salt  from  which  this  is  formed,  the  price  of  it  has 
fallen,  during  the  last  six  or  eight  years,  more  than  fifty  per 
cent. 

Carbonate  of  Ammonia. — The  only  method  of  preparing  this 
compound  is  by  mixing  perfectly  dry  carbonic  acid  and  ammo- 
niacal  gases.  They  combine  only  in  the  ratio  of  one  volume 
of  the  former  to  two  volumes  of  the  latter,  and  condense  in  a 
white,  light  powder.  It  contains  carbonic  acid  and  ammonia 
in  equivalent  proportions,  but  the  body,  in  all  probability,  is 
not  a  direct  compound  of  these  substances  as  such. 

879.  Sesquicarbonate  of  Oxide  of  Ammonium,  —  This  is  the 
common  carbonate  of  ammonia,  or  sal  volatile  of  the  shops,  as 
at  first  prepared.  It  is  formed  by  healing  a  mixture  of  one 
part  of  hydrochlorate  of  ammonia  with  one  part  and  a  half  of 
carbonate  of  lime  carefully  dried.  Double  decomposition 
ensues  during  the  process :  chloride  of  calcium  remains  in  the 
retort,  and  hydrated  sesquicarbonate  of  ammonia  is  sublimed. 
The  carbonic  acid  and  ammonia  are,  indeed,  m  \>to^t  ^to^cst- 
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from  a  right  rhombic  prism,  the  specific  gravity  of  which  is  6.72.  It  is 
prepared  as  an  article  of  commerce  from  the  subacetate  by  a  current  of 
carbonic  acid,  by  exposing  metallic  lead  in  minute  division  to  air  and 
moisture,  and  by  the  action  on  thin  sheets  of  lead  of  the  vapor  of  vinegar, 
by  which  the  metal  is  both  ozydizcd  and  converted  into  a  carbonate. 

The  white  lead  of  commerce  is  not  a  simple  carbonate,  but  is  composed 
of  variable  mixtures  of  different  basic  carbonates. 

There  are  several  double  carbonates,  but  the  most  important  Is  the  double 
carbonate  of  lime  and  magnesia,  which  occurs  native  and  is  called  by 
mineralogists,  bitter  spar,  pearl  spar,  and  Dolomite.  Magnesian  limestone 
is  an  impure  compact  variety. 


SECTION  III. 
ORDER   II.  — HYDRO-SALTS. 

885.  In  this  section  are  included  those  salts  only,  the  acid  or 
base  of  which  is  a  compound  containing  hydrogen  as  one  of 
its  elements.  These  are  reduced  to  a  small  number,  as  many 
of  the  compounds  that  have  formerly  been  considered  hydro- 
chlorates  of  metallic  oxides  are  found  to  be  chlorides  of  the 
metals  themselves.  The  same  remark  applies  to  the  hydriodic, 
hydrocyanic,  and  other  similar  acids.  The  only  salts,  indeed, 
which  are  included  in  this  class,  are  the  compounds  of  the 
hydracids  with  ammonia.  Some  of  the  most  important  of  them 
are  constituted  as  follows : — 

Names.  Base.      Acid.      Equiv.    Symbols. 

Hydrochlorate  of  ammonia.  . .  .1  eq.  +  1  eq. . .  53.57.  .H3N,HC1 

...leq.  +  1  eq... 144.45.. H3N,HI 
. .  .1  eq.  4-  1  eq. . .  96.55.  .H3N,HBr 
..   1  eq.  4- 1  eq...  34.25.  .HgN^HS 
...1  eq.  +  1  eq...  84.09.  .HaN.BFg 
...1  eq.  H- 1  eq...  95.70.  .HgN.SiFg 

886.  Hydrochlorate  of  Ammonia. — This  salt,  the  «aZ  ammoniac 
of  commerce,  was  formerly  imported  from  Egypt,  where  it  is 
procured  by  sublimation  from  the  soot  of  camel's  dung;  but  it 
is  now  manufactured  •  in  Europe  by  several  processes.  The 
most  usual  is  to  decompose  sulphate  of  ammonia  by  the  chlo- 
ride either  of  sodium  (612)  or  magnesium,  when  double  decom- 
position  ensues,  giving  rise  in  both  cases  to  hydrochlorate  of 
ammonia,  and  to  sulphate  of  soda,  or  sulphate  of  magnesia, 
according  to  which  salt  has  been  used.  The  sal  ammoniac  is 
afterwards  obtained  in  a  pure  state  by  sublimation.  In  Eng- 
land it  is  obtained  by  lixiviating  the  soot  of  coal,  digesting  with 
sulphuric  acid,  by  which  process  sulphate  of  ammonia  is 
formed,  and  then  subliming  with  common  salt. 

Hydrochlorate  of  ammonia  has  a  pungent,  saline  tasle^  Vviaa 
30 
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a  density  of  1.45.  an  J  is  tough  and  difficult  to  be  pulverized. 
It  is  soluble  io  alcoi^fol  and  water,  requiring  for  solution  thiee 
times  its  weight  of  water  at  60-,  and  an  equal  wei^t  at  212^. 
It  usuaily  crystalizes  from  its  solution  in  leathery  crystals,  but 
sometimes  in  cubes  or  octobedrons.  At  a  temperature  below 
that  of  ignition  it  sublimes  without  fiision  or  decomposition, 
and  condenses  on  cool  sur&ces  as  an  anhydrous  salt,  which 
absorbs  humidity  in  a  damp  atmosphere,  but  is  not  deli- 
quescent. 

It  is  said  to  receive  its  name,  sal  anrmoniac^  from  the  &ct 
that  it  was  first  obtained  from  the  vicinity  of  the  temple  of 
Jupiter  Ammon. 

Hydrochiorate  of  ammonia  is  used  in  medicine,  and  quite 
extensively  in  the  arts. 

It  may  be  known,  like  all  the  salts  of  ammonia,  by  yielding 
the  peculiar  pungent  odor  of  anmionia  when  triturated  with 
recently-slaked  lime. 

887.  Hydromlphaie  cf  Amwumim, — ^Tbis  salt,  also  called  bydrosulphoret 
of  amoiooia,  and  fbrmerly  thefmmimg  U^or  rf  BotfU^  is  prepared  by  faett> 
Uig  a  mixtare  of  ooe  part  of  aolphur,  two  df  sal  aminoniac,  and  two  of 
uwlaked  lime.  It  may  also  be  formed  by  the  direct  onion  of  its  oonstitiieat 
gases,  and  if  tbey  are  mixed  in  a  glass  globe  kept  cool  by  ice,  the  salt  19 
deposited  in  crystals.  It  is  much  nsed  as  a  reagent,  and  for  this  purpoee 
is  osoally  prepared  by  saturating  a  solatioa  of  ammonia  with  hydrosolphorio 
acid  gas. 


SECTION   IV. 
ORDER   III.  — SULPHUR   SALTS. 

888.  The  compounds  described  in  this  section  are  double 
sulphurets,  just  as  the  oxy-salts  in  general  are  double  oxides. 
Their  resemblance  in  composition  to  salts  is  perfect. 

The  sulphurets  entering  into  their  composition,  it  will  be 
recollected,  are  divided  into  two  classes,  called  the  ntlphuV' 
bases  and  the  sulphur-acids  (798).  The  former  or  electro-posi- 
tive elements,  are  the  sulphurets  of  potassium,  sodium,  barium, 
strontium,  calcium,  magnesium,  and  hydrosulphate  of  ammo- 
nia, and  the  latter,  or  electro-negative  elements,  are  the  sul- 
phurets of  arsenic,  antimony,  tungsten,  molybdenum,  tin,  gold, 
&c.,  and  hydrosulphuric  acid,  sulphuret  of  selenium,  and  bisul- 
phuret  of  carbon.  The  sulphur-salts  with  two  metals,  are  so 
constituted,  that  if  the  sulphur  in  each  were  replaced  by  an 
equivalent  quantity  of  oxygen,  an  oxy-salt  would  result  (799). 

The  sulphur-salts  may  be  divided  into  families,  character- 
ized by  containing  the  same  sulphur-acid.  For  the  purpose 
of  indicating  that  such  salts  are  double  sulphurets,  as  well 
as  to  distinguish  them  readily  from  other  kinds  of  salts,  the 
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generic  name  of  each  family  is  constructed  from  the  sulphur- 
acid. 

Thus  the  salts  which  contain  persulphuret  of  arsenic,  or  hy- 
drosulphuric  acid  as  the  sulphur-acid,  are  termed  arseniosui' 
phurets  and  hydro-sulphur ets ;  and  a  salt  composed  of  these 
sulphur-acids  with  suJphuret  of  potassium,  is  termed  arsenio* 
sulphuret  and  hydro^ulphurel  of  sulphuret  of  potassium.  For 
the  sake  of  brevity  the  metal  of  the  base  may  alone  be 
expressed,  it  being  understood  that  the  positive  metal  in  a 
sulphur-salt  enters  as  a  protosulphuret  into  the  compound. 

The  class  of  sulphur-salts  is  somewhat  extensive,  including 
several  families  of  hydrosulphurets,  carbo-sulphurets,  arsenio- 
sulphurets,  &c.,  but  most  of  them  are  of  little  practical  import- 
ance.   A  single  salt  only  will  be  described,  the 

889.  Hydrosulphuret  of  Potassium. — This  salt  is  a  compound 
of  hydrosulphuric  acid  and  sulphuret  of  potassium.  It  may 
be  obtained  in  the  anhydrous  state  by  introducing  anhydrous 
carbonate  of  potassa  into  a  tubulated  retort,  transmitting  through 
it  a  current  of  hydrosulphuric  acid  gas,  and  heating  the  salt  to 
low  redness.  The  mass  becomes  black,  fuses,  and  boils  from 
the  escape  of  carbonic  acid  gas  and  aqueous  vapor ;  and  after  the 
ebullition  has  ceased,  the  gas  is  continued  to  be  transmitted, 
until  the  retort  is  quite  cold.  The  resulting  anhydrous  hydro- 
sulphuret of  potassium,  though  black  while  in  fusion,  is  white 
when  cold,  and  of  a  crystaline  texture ;  but  if  air  had  not  been 
perfectly  excluded,  it  has  a  yellow  tint,  owing  to  the  presence 
of  some  bisulphuret  of  potassium. 

The  same  salt  is  prepared  in  the  moist  way  by  introducing 
a  solution  of  pure  potassa,  free  from  carbonic  acid,  into  a 
tubulated  retort,  expelling  atmospheric  air  by  a  current  of 
hydrogen  gas,  and  then  saturating  the  solution  with  hydrosul- 
phuric acid.  The  solution  should  be  evaporated  in  the  retort 
to  the  consistence  of  syrup,  a  current  of  hydrogen  gas  being 
transmitted  through  the  apparatus  the  whole  time;  and  on 
€OoIing,  the  salt  crystalizes  in  large  four  or  six-sided  prisms, 
which  are  colorless  if  air  was  perfectly  excluded.  The  crys- 
tals contain  water  of  crystalization,  have  an  acrid,  alkaline,  and 
bitter  taste,  deliquesce  in  open  vessels,  and  dissolve  freely  in 
water  and  alcohol.  On  exposure  to  the  air  it  acquires  a  yellow 
color,  from  the  formation  of  bisulphuret  of  potassium. 

Some  of  the  sulphur-salts  occur  native  as  the  copper  pyrites 
of  mineralogists,  which  is  a  double  sulphuret  of  iron,  and  cop- 
per, and  on  the  principles  we  have  adopted,  may  be  called  ferro- 
sulphuret  of  copper. 
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SECTION  V. 
ORDER   IV.  — HALOID   SALTS. 

800.  In  Uiis  section  are  included  substances  composed  like  the  preceding 
salts  of  two  bi-i:lcmcntary  compounds,  one  or  both  of  which  are  analogooa 
in  compwition  tu  sea-salt.  The  principal  groups  consist  of  double  cliIo> 
rides,  double  iodides,  and  double  fluorides.  In  these  tlie  haloid  bases  belong 
usually  to  the  electro-positive  metals,  and  the  haloid-acids  to  the  metals 
which  are  electro-negative. 

This  order  includes  numerous  families,  as  the  hydrargo-chlorides,  auro 
chlorides,  platino-iodides,  oxy-chlorides,  boro-fluorides,  &c  Many  of  the 
salts  in  this  class  occur  native,  and  several  are  ased  extensively  in  the  arts. 

II  YDRAR60. CHLORIDES. 

891.  The  haloid-acid  of  this  family  is  bichloride  of  mercory,  which  red- 
dens litmus  paper,  and  loses  the  property  when  a  haloid-base  is  present, 
thus  bearing  a  close  analogy  to  ordinary  acids. 

There  are  five  compounds  known  to  belong  to  this  family,  the  most  im- 
portant of  which  is  the  dihydrargthchloride  of  hydro-chlorate  ofammoma^ 
which  has  long  been  known  under  the  name  of  »aU  of  alembroth.  It  is 
prepared  by  mixing  its  ingredients  in  the  proper  atomic  proportion,  and 
setting  the  solution  aside  to  crystalize.  Its  symbol  is  3(H3N-4-HCl)-|-Hg 
CI2,  from  which  its  combining  number  may  be  readily  calculated. 

PLATINO-CHLORIDE. 

892.  Plaiino-biehloride  of  Hydrochlorate  of  Ammonia, — This  salt  falls  as 
a  lemon-yellow  powder  when  solution  of  sal  ammonia  is  poured  into  a 
strong  solution  of  the  bichloride  of  platinum.  It  crystalizes  in  small  octo- 
hedrons  from  its  aqueous  solution  by  slow  evaporation.  This  salt  is  always 
formed  in  the  preparation  of  metallic  platinum  from  its  ores,  and  when 
heated  to  redness,  tlie  acid,  chlorine,  and  ammonia  are  expelled,  leaving  the 
metal  in  a  spongy  state  (784).     Its  symbol  is  (HaN+HCO-fPtCla. 

OXY-CHLORIDES. 

893.  Chemists  are  acquainted  with  a  considerable  number  of  compounds 
in  which  a  metallic  oxide  is  united  with  a  chloride  either  of  the  same 
metal,  which  is  the  most  frequent,  or  of  some  other  metal.  These  com- 
pounds are  commonly  termed  sub-muriateSf  on  the  supposition  that  they 
consist  of  hydrochloric  acid  combined  with  two  or  more  equivalents  of  an 
oxide. 

894.  Oxy-chloride  of  Copper. — This  compound  falls  as  a  green  hydrate 
when  potassa  is  added  to  a  solution  of  chloride  of  copper  insufficient  for  its 
complete  decomposition.  When  its  water  is  expelled  it  becomes  of  a  liver- 
brown  color.  Bcrzelius  states  it  to  consist  of  one  equivalent  of  the  chloride 
and  three  equivalents  of  oxide  of  copper.  It  is  used  as  a  pigment,  under 
the  name  of  Bru-Mwick  green^  being  prepared  for  that  purpose  by  exposing 
metallic  copper  to  hydrochloric  acid,  or  a  solution  of  sal  ammoniac.  The 
same  compound  is  generated  during  the  corrosion  of  copper  in  sea- water. 

895.  Oxy-chlorides  of  Lead. — A  compound  of  one  equivalent  of  proto- 
chloride  to  two  equivalents  of  protoxide  of  lead  has  been  found  as  a  colorless 
mineral.    Another  oxy-chloride  with  three  equivalents  of  the  protoxide  is 
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prepared  by  addingr  pore  ammonia  to  a  hot  solution  of  chloride  of  lead.  It 
falls  as  a  heavy  white  hydrate;  but  on  expelling  its  water  by  heat,  it 
acquires  a  pale  yellow  color.  A  third  oxy-chloride,  with  a  still  larger  pro- 
portion  of  oxide,  is  used  as  a  pigment,  under  the  name  o^  mineral  or  patent 
yellow  ;  and  it  is  prepared  by  the  action  of  moist  sea-salt  on  litharge,  by 
which  means  portions  of  the  protoxide  and  sea-salt  exchange  elements, 
yielding  soda  and  chloride  of  lead.  Afler  washing  away  the  alkali,  the 
mixed  oxide  and  chloride  are  dried  and  fused. 

There  are  numerous  oti^r  haloid  salts,  which  cannot  be  here  intro- 
duced. 
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SEC  TION    I. 

GENERAL     REMARKS. 

896.  In  the  second  part  of  this  work,  the  chemical  history  of 
all  known  elementary  substances,  and  that  of  many  of  their 
compounds,  has  been  given  with  as  much  minuteness  as  was 
judged  consistent  with  its  primary  design,  so  far  as  their  various 
actions  upon  each  other  are  concerned,  independent  of  the  prin' 
ciple  of  life. 

The  department  of  organic  chemistry  comprehends  the  his- 
tory of  those  compounds  which  are  of  animal  or  vegetable 
origin,  and  which  are  hence  called  organic  substances.  These 
bodies,  viewed  collectively,  form  a  remarkable  contrast  with 
those  of  the  mineral  kingdom,  the  action  of  affinity  in  uniting 
their  elements  being  essentially  modified  by  the  principle  of 
life.  They  in  general  consist  of  the  same  elementary  princi- 
ples, oxygen,  hydrogen,  carbon,  and  nitrogen.  Some  few 
organic  substances  also  contain  phosphorus,  sulphur,  lime,  &c., 
but  the  quantity  is  always  exceedingly  small.  In  this  respect 
they  differ  essentially  from  inorganic  substances. 

897.  Organic  bodies  also  usually  contain  a  much  greater 
number  of  simple  atoms  than  inorganic  compounds.  Thus  an 
atom  of  albumen  contains  no  less  than  883  simple  atoms,  (or, 
according  to  one  author,  1765  atoms),  and  an  atom  of  sperma- 
ceti includes  431  simple  atoms,  numbers  to  which  we  find  no 
approximation  in  any  mode  of  combination  of  inorganic  com- 
pounds. 

^  898.  The  elements  'of  organic  bodies  are  united  with  each 
other  in  definite  proportion ;  and,  therefore,  the  same  laws  of 
combination  which  regulate  the  composition  of  mineral  sub- 
stances must  likewise  influence  that  of  organic  compounds.  In 
the  latter,  however,  the  modes  of  combination  are  generally  of 
a  complex  kind,  and  are  but  imperfectly  understood.  The 
same  diflSculty  occurs  in  inorganic  chemistry  when  the  com- 
position is  complex.    A  single  molecule  of  a  metallic  oxide  or 

(354) 
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a  chloride,  as  determined  by  its  combining  weight,  consists  of 
two  elements,  and  usually  of  two  or  three  atoms  only.  Thus, 
in  an  equivalent  of  potassa,  the  chemist  has  to  do  with  a  single 
equivalent  of  potassium  and  of  oxygen,  between  which  one 
kind  of  combination  only  is  practicable.  In  an  equivalent  of 
sulphuric  acid  there  are  four  atoms,  which  admit  of  three  dif- 
ferent arrangements;  for  S  and  30  may  be  united  as  S+30, 
or  SO+20,  or  SO^j+O. 

But  in  organic  compounds  a  single  combining  molecule  is 
often  made  up  of  so  many  elementary  particles,  that  one  is 
bewildered  by  the  multiplicity  of  possible  modes  of  combina- 
tion. An  equivalent  of  tartaric  acid  contains  4  equivalents  of 
carbon,  2  equivalents  of  hydrogen,  and  5  equivalents  of  oxygen, 
which  it  is  obvious  may  be  arranged  in  a  variety  of  ways ;  and 
other  more  complex  instances  might  be  mentioned. 

Organic  substances,  owing  to  the  energetic  affinities  with 
which  their  elements  are  endowed,  are  prone  to  spontaneous 
decomposition.  This  is  as  we  should  expect ;  for  the  particular 
order  or  manner  in  which  the  elements  are  united  having  been 
occasioned  by  the  principle  of  life,  when  this  principle  has 
ceased  to  act,  and  the  elements  come  again  under  the  sole  influ- 
ence of  their  affinities,  a  change  in  the  order  of  their  arrange- 
ment, or,  in  other  words,  spontaneous  decomposition,  must  of 
course  take  place. 

899.  Many  of  the  principles  or  definite  compounds  which 
occur  among  organic  bodies,  it  is  very  difficult  if  not  impossible 
to  obtain  in  a  separate  state ;  others,  because  of  their  crystal- 
izing,  or  entering  into  combination  with  some  other  substances 
from  which  they  may  be  separated,  are  more  readily  procured. 
Still  others  are  volatile,  and  are  formed  or  driven  off  at  par- 
ticular temperatures,  and  thus  afford  the  chemist  the  means  of 
procuring  them  in  a  state  of  purity. 

900.  There  is  great  difficulty  also  in  fixing  upon  a  systematic 
arrangement  of  organic  substances,  in  consequence  of  our  want 
of  knowledofe  of  their  real  nature  and  relations.  The  first  verv 
natural  division  is  into  the  two  classes  of  vegetable  and  animal, 
according  as  they  are  produced  in  the  vegetable  or  animal 
kingdom;  but  even  this  simple  arrangement  is  not  without 
objection.  It  is,  however,  adopted  in  this  work,  though  some 
substances  will  require  to  be  noticed  in  both  divisions,  and 
others,  properly  of  animal  origin,  will  most  naturally  be  de- 
scribed in  connection  with  vegetable  bodies.  It  is  hoped,  how- 
ever, that  no  inconvenience  will  be  found  to  result  from  it. 

901.  Formerly  it  was  considered  characteristic  of  organic 
substances  that  they  cannot  be  formed  artificially,  by  direct 
union  of  their  elements;  but  a  few  exceptions  are  now 
known,  as  in  the  case  of  urea  and  one  or  two  other  compounds. 

902.  Many  orgranic  bodies  are  distinctly  acid,  not  only  to  the  taste,  but 
possess  other  properties  of  acids ;  they  redden  the  vegelaiVAe  \A\3A  «xA  nsxC^Xa 
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with  and  nentralae  the  moat  punerful  ilkaBffc  Thej  are  ftond  boA 
amoni;  fefctaUe  tnd  anioisl  prodncti^ 

Other  orj^anic  principies  as  eridentlj  belong  to  the  claaa  of  baaea;  thef 
are  capable  of  forming  definite  compounds  with  aeida,  both  organic  and 
inoripnic,  and  neutrtliiing  them  more  or  lev  per&ctlj.  Tbej  are  fomid 
chiedj  if  not  wholly  among  fegetable  bodiea.. 

A  third  group  of  organic  compoamb  may  be  denominated  **  neutral  prin* 
cipiefl,"  ail  being  neither  acid  nor  alkaline.  A  fborth  groop  is  called  "  inter, 
mediate  principles."  Some  of  the  bodies  included  in  it  are  capaUe  of 
combining  with  acids  and  others  with  alkalies,  but  their  properties  are  not 
sufficiently  marked  to  entitle  them  to  a  place  with  either  of  these  dasBea 
In  thiii  work  these  two  families  are  described  together. 

Besides  the  above,  the  yarioos  oleaginous,  rennous,  and  bituminous  sub. 
stances,  prwMcss  sufficient  points  of  resemUanee  to  entitle  them  to  dcscrip. 
tion  in  a  single  section.  The  compounds  of  the  radical  cjanc^n  are  so 
numerous  and  important  that  they  are  also  described  together,  as  in  other 
workn. 

903.  It  has  already  been  remarked  (296)  that  the  systematic  nomencls* 
ture  docs  not  apply  to  the  names  of  the  organic  acids,  which  are  generally 
derived  from  the  substances  from  which  they  are  obtained.  Thus  malic 
acid  is  so  called  because  it  is  obtained  from  the  apple,  malum ;  so  citric 
acid  is  obtained  from  the  lemon,  citron,  and  benzoic  acid  from  gum  benzcHD, 
Slc,  The  same  might  be  said  of  the  vegetable  alkalies  and  other  princi*  | 
pics.  Thus,  cinchonia  is  obtained  from  the  bark  of  the  einchonia  conda-  \ 
minea,  vcratria  from  the  veratrum  album,  salicin  from  a  species  of  aalix, 
Slc. 

904.  In  the  names  of  the  salts  formed  by  the  organic  acids  and  alkalies, 
the  same  principle  is  followed  as  is  observed  in  inorganic  chemistry.  Hias 
wc  have  sulpliate  of  morphia,  acetate  of  qninia,  bitartrate  of  potassa,  &c. 
In  the  names  of  most  of  the  compound  radicals,  hereafter  to  be  described, 
no  regular  system  has  been  observed. 

The  laws  of  combination  as  heretofore  explained  (328)  apply  to  the  various 
products  of  organic  bodies,  ond  symbols  are  also  used  in  organic  precisely 
as  in  mineral  chemistry. 

905.  All  organic  compounds  are  decomposed  by  being  heated  to  redness, 
wlicther  in  tho  open  air,  in  contact  with  other  substances,  or  in  close  ves* 
sols;  and  complicated  changes  oflen  take  place.  This  is  called  the 
drrttructivo  distillation  of  these  substances. 

900.  Orfrnnic  bodies  are  also  generally  decomposed  by  the  action  of  the 
itrnnger  mmernl  acids,  as  the  sulphuric  and  nitric,  and  new  and  entirely 
dilTuront  compounds  formed. 


SECTION    II. 
COMPOUND   RADICALS. 


907.  The  term  **  compound  radical"  is  used  to  denote  individu- 
nls  of  a  class  of  compound  bodies  which  possess  the  property  of 
tuiitinp  with  elementary  substances,  and  forming  with  them 
combinations  that  are  analogous  in  their  properties  to  comlri- 
imtlons  of  two  simple  bodies-,  combinations  therefore  in  which 
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le  elementary  body  may  be  removed,  and  its  place  occupied 
y  equivalent  quantities  of  other  simple  bodies.  They  are 
ipable  also  of  uniting  with  each  other  as  well  as  with  simple 
ibstances,  and  forming  important  and  stable  compounds. 
Vith  oxygen  and  sulphur  they  form  acids  and  bases,  precisely 
3  simple  bodies  (795);  and  with  hydrogen  many  of  them  form 
ydracids, 

908.  The  fuUowing  table  contains  a  few  of  the  most  important  of  these 
impounds,  with  their  equivalents,  and  exhibits  their  composition,  by 
leans  of  their  symbols.  It  should  be  remarked  however  that  all  of  them 
ive  not  yet  been  obtained  in  a  separate  state.  But  though  not  separated 
itirely  from  other  matter,  it  is  believed  sufficient  evidence  has  been  ob- 
ined  of  their  existence. 

TABLE     OF     COUrOUND     RADICALS 

Names,  Equiv,  Symhols, 

Etlmle* 29.48 C4H5  or  Ae 

Acetule* 27.48 C4H3  —  Ac 

Cyanogen 26.39 taN  —  Cy 

Amide* 16.15 NH3  —  Ad 

Carbonic  oxide 14.12 CO 

Melam 238.09 Ci  gNi  1H9 

Melamine 121.62 CgNeHe 

Ammeline 128.47 CeNgH^Oa 

Ammelide 257.79 CjaNgHgOo 

Uramile 14441 CsNgHsOe 

Murexide 197.19 CioNsHeOs 

Benzule* 106.68 C,  411503  or  Bz 

Aldehyde 44.48 C4H40a 

909.  The  manner  of  preparing  several  of  those  which  have  been  obtained 
ee  from  other  substances,  will  be  described  hereafler.  The  evidence  on  which 
le  real  existence  of  those  which  have  not  been  obtained  in  a  separate  state 
ssts,  may  be  seen  by  referring  to  a  single  example.  Benzule,  composed 
rC,  4H5O2  has  never  been  insulated,  but  if  we  treat  oil  of  bitter  almonds, 
i4H<}02t  by  chlorine,  we  obtain  a  compound  C14H5O2CI,  which  gives 
ith  iodide  or  sulphuret  of  potassium,  bodies  whose  formulae  are  respectively 
I4H502T,  and  C14H5O2S.  Again,  acted  on  by  oxygen,  it  gives  crystal- 
ed  benzoic  acid,  C14H5O4,  or  rather  C14H5O3  +  HO.  Now  it  is  evi- 
snt  that  throughout  this  whole  series  the  element,  C,  4H5O2,  has  remained 
aaltered.  In  the  oil  it  was  combined  with  hydrogen,  in  benzoic  acid  with 
cygen,  and  in  the  other  compounds  mentioned,  with  iodine  and  sulphur 
(spectively ;  and  in  denominating  it  the  root  or  radical  of  all  these  com- 
3unds,  we  but  give  expression  to  a  determined  fact  This  radical,  as  we 
ive  already  remarked,  is  called  Benzule — symbol  Bz^and  its  compounds 
imed  above  may  be  written  BzH,  BzCl,  Bzl,  and  BzO+HO.  They  are 
'idently  the  hyduret,  chloride,  iodide,  and  oxide  of  benzule,  the  latter  con- 
ining  an  atom  of  water  of  crystalization. 

•  These  compounds  have  never  yet  been  obtained  in  a  separate  state. 
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910.  If  from  a  compoand  radical  one  or  more  of  its  constituenti  be 
remoTcd,  a  new  radical  is  sometimes  formed  in  a  free  or  combined  8tat(^ 
and  sometimes  a  new  compoand  of  another  radical.  Thus,  if  we  digest  oil 
of  bitter  almonds,  Ci^H^O^,  with  ammonia,  all  the  oxygen  is  removed,  and 
we  obuin  a  compoand  of  nitrogen  with  the  base,  C,4H5,  which  is  evi- 
dently the  radical  of  benzole,  and  which  may  also  be  combined  with 
other  substances  besides  oxygen,  with  which  it  forms  benzulc.  So  when 
the  bisulphuret  of  cyanogen  is  exposed  to  a  temperature  of  266^,  it  is 
decomposed  into  bisulphuret  of  carbon,  sulphur,  and  mellone :— 4  atoms  of 
bisulphuret  of  cyanogen,  4NCsSa^N4C^Sg,  are  resolved  intoC2S4,  S4,  and 
N^C^.    That  is,  the  4  atoms  of  bisulphuret  of  cyanogen  are  changed  into 

2  atoms  of  bisulphuret  of  carbon,  4  atoms  of  sulphur,  and  1  atom  of  md- 
lone; — the  bisulphuret  of  carbon  being  a  new  compound  of  a  simple  radicili 
carbon,  and  mellone  being  a  new  radicaL 

Theory  of  Typeo. — Bodies  are  said  to  be  of  the  same  mechanical  ti/fi 
when  they  contain  the  same  number  of  atoms,  and  of  the  same  chenam 
type  when  their  various  properties  are  similar.  Thus  alcohol  (C4H0Oy) 
contains  12  chemical  atoms ;  and  when  it  is  converted  into  acetic  add 
(C4H4O4)  no  change  in  this  respect  takes  place,  but  simi^y  2  atoms  of 
hydrogen  give  place  to  2  atoms  of  o^gen.  But  the  properties  of  seetk 
acid  are  entirely  different  from  those  of  alcohol ;  these  substances  are  there- 
fore of  the  same  mechanical,  but  not  of  the  same  chemical  type.  When 
acetic  acid  is  treated  with  chlorine,  it  loses  3  equivalents  of  hydrf^ren  and 
gains  3  eq.  of  chlorine  (C4H4O4 — H3+Cl3^^4Cl3H04),  forming  ehknv 
acetic  acid,  which  has  the  same  mechanical  type,  that  is,  the  same  number 
of  molecules  or  atoms  as  alcohol  and  acetic  acid.    And  in  thus  giving  op 

3  eq.  of  hydrogen  and  acquiring  as  many  of  chlorine,  acetic  acid  scarcely 
undergoes  any  change  of  properties,  and  hence  is  said  to  retain  the  same 
chemical  type.  So  when  ether  (C4H5OJ  is  treated  with  chlorine,  the  hy- 
drogen is  rej^aced  by  the  same  number  of  atoms  of  chlorine,  and  the  proper- 
ties of  tlie  new  compound  are  essentially  tlie  same  as  those  of  the  old ;  both 
the  mechanical  and  chemical  type  therefore  remain  unchanged. 

911.  This  theory  of  types  is  found  of  great  service  in  tracing  the  changes 
that  take  place  among  organic  substances,  as  bodies  of  the  same  mechanical 
type  containing  radicals  of  the  same  type,  when  subjected  to  the  action  of 
strong  affinities,  by  which  their  constitution  is  broken  up,  generally  give 
rise  to  products  which  are  formed  upon  the  same  plan,  however  they  may 
differ  in  composition. 

912.  So  also  when  bodies  of  the  same  chemical,  though  of  different  me 
chanical  types,  are  submitted  to  the  action  of  affinities  of  equal  power,  th 
new  products  formed  have  generally  the  same  relations  to  each  other  tfa 
original  bodies  had,  and  the  radicals  are  either  unchai^gMi  ot  ar^  cLaoge 
in  a  similar  degree. 
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CHAPTER    II. 
VEGETABLE  CHEMISTRY. 


SECTION  L 

GENERAL   REMARKS. 

913.  Nearly  all  vegetable  substances  are  composed  exclu- 
sively of  the  three  elementary  principles,  oxygen,  hydrogen,  and 
carbon ;  but  some  of  them  also  contain  nitrogen  or  sulphur. 
In  examining  vegetable  substances  it  is  necessary  to  distin- 
ITuish  between  proximate  and  ultimate  principles,  Prorimate 
principles  are  such  as  are  obtained  immediately  from  the  plant, 
as  sugar,  starch,  and  gum ;  but  the  ultimate  principles  are  the 
elements  mentioned  above,  which  are  obtamed  only  by  the 
entire  destruction  of  the  compound.  The  proximate  principles 
are  sometimes  distributed  over  the  whole  plant,  but  at  others 
they  are  contained  only  in  particular  parts,  as  in  the  fruit,  the 
leaves,  the  flower,  the  bark,  the  sap,  or  the  root. 

914.  The  separation  of  the  proximate  principles  of  vegetables 
constitutes  their  proximate  analysiSfSind  the  reduction  of  prox- 
imate principles  mto  their  simplest  parts  is  called  their  ultimate 
analysis.  When  the  ultimate  analysis  is  made  by  heating  to 
redness  in  close  vessels,  it  is  called  the  destructive  distillation. 
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VEGETABLE    ACIDS. 

915.  Vegetable  acids  are  a  class  of  bodies  possessing  the 
ordinary  properties  of  acids  (796),  which  are  found  ready 
formed  in  plants,  either  free  or  in  a  state  of  combination. 
These  acids  are  generally  more  permanent  than  most  other 
vegetable  substances,  but  are  all  decomposed  by  a  red  heat  or 
boiling  nitric  acid. 

916.  Many  of  the  vegetable  acids  are  poly  basic  (810),  that  is, 
a  single  equivalent  of  acid  is  capable  of  combining  with  one, 
two,  or  three  equivalents  of  base.  The  salts  of  the  bibasic 
acids  may  contain  2  equivalents  of  a  fixed  base,  or  one  equiva- 
lent may  be  a  fixed  base  while  the  other  is  water,  as  described 
under  phosphoric  acid  (510).  So  also  in  the  salts  of  the  tribasic 
acids,  one  or  two  of  the  equivalents  may  be  of  water,  the  rest 
belonging  to  a  fixed  base  (514).  Add  salts,  either  bibasic  or 
tribasic,  are  such  as  contain  water ;  an  equivalent  of  those  that 
are  bibasic  can  of  course  contain  only  one  equivalent  of  water, 
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while  an  equivalent  of  those  that  are  tribasic  may  have  two    | 
equivalents  of  water. 

917.  St^verul  of  the  acids  when  exposed  to  a  high  temperature  are  decom- 
posed, and  new  acids  formed  called  pyracids.  Thas*  tartaric  acid,  when  so 
treated,  yields  pyrotartarie  acid,  and  gallic,  pyrogalliCy  <Slc.  I'he  nature  of 
the  change  produced  will  of  course  depend  in  a  great  measure  upon  the 
degree  of  heat  which  is  used.  Sometimes  carbon  and  oxygen  are  given  off 
in  the  form  of  carbonic  acid,  and  at  others  oxygen  and  hydrogen  are  expelled 
united  as  water.  Sometimes  both  of  these  substances  are  given  off  at  the 
same  time. 

918.  I'hc  vegetable  acids  are  very  numerous,  and  but  few  of  them  can 
be  described  in  this  work.  They  may  be  divided  into  the  four  classes  of 
volatile,  fixed,  oily,  and  compound  acids.  The  spaces  left  in  the  table  will 
indicate  these  divisions. 

Names,  Equiv,  Symhols, 

Oxalic       acid 36.24 C2O3 

Acetic  "    51.48 C4H3O3   . 

Succinic       "    50.48 C4Ha03 

Camphoric"     92i2  C10H7O3 

Benzoic        "    114.68 C14H5O3 

Cinnamic     »'     141.16 CuH^O, 

Malic  "  116.96 C8H40* 

Citric  "  166.44 CigH,©,, 

Tartaric  "  132.96 C8H4610 

Meconic  "  174.68 CwHO,, 

Gallic  "  67.84 C7HO3 

Amygdalic  "  462.80 C4oH260a4 

Tannic  "  187.16 CisHsOe 

Ulmic  "  352.80 C4oHiaO,a 

Stearic         "    522.16 CesHseOs 

Oleic  "    340.28 .C44H39O4 

Margaric      "    275.08 C34H33O3 

Althionic     "    126.68 2(S03)+C4H.0+ 

HO 

Oxalovinic  "     118.96 2(0303)  +  C4H5O 

+  HO 

Tartravinic  "    179.44 2(C4Ha05)  4-  C4H5 

0+HO 

919.  The  compound  acids,  it  will  be  observed,  are  composed  of  a  vege. 
table  principle  united  with  a  mineral  or  strong  vegetable  acid.  There  are 
various  other  compound  acids  besides  the  above. 

OXALIC     ACID. 

920.  This  acid  was  first  discovered  by  Scheele.  It  is  said  to 
occur  as  a  mineral  production  in  combination  with  protoxide 
of  iron  in  humholdtine. 

It  exists  ready  formed  in  several  plants,  especially  in  the 
runiea:  acctosa  or  common  sorrel,  and  in  the  oxalia  acetosella 
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or  wood  sorrel ;  but  it  almost  always  occurs  in  combination 
either  with  lime  or  potassa.  These  plants  contain  binoxalate 
of  potassa ;  and  the  oxalate  of  lime  has  been  found  in  large 
quantity  in  several  species  of  lichen. 

921.  Oxalic  acid  is  easily  made  artificially  by  digesting  sugar 
or  potatoe  starch  in  five  or  six  times  its  weight  of  nitric  acid, 
and  expelling  the  excess  of  that  acid  by  distillation,  until  a 
fluid  of  the  consistence  of  syrup  remains  in  the  retort.  The 
residue  in  cooling  yields  crystals  of  oxalic  acid,  the  weight  of 
which  amounts  to  nearly  half  the  quantity  of  the  sugar  or 
starch  employed.  They  should  be  purified  by  repeated  solu- 
tion in  pure  water,  and  re-crystalization. 

The  production  of  oxalic  acid  from  organic  matter  by  this 
method  is  a  consequence  of  the  oxydation  of  the  elements  of 
the  latter  by  the  oxygen  of  the  nitric  acid. 

Many' organic  substances  besides  sugar,  such  as  gum,  most 
of  the  vegetable  acids,  wool,  hair,  and  silk,  are  converted  into 
oxalic  by  the  action  of  nitric  acid ; — a  circumstance  which  is 
explicable  on  the  fact  that  oxalic  acid  contains  more  oxygen 
than  any  other  principle,  whether  of  animal  or  vegetable 
origin.  It  is  also  generated  by  heating  organic  substances 
with  potassa. 

922.  Oxalic  acid  crystalizes  in  slender,  flattened  four  and 
six-sided  prisms,  terminated  by  two-sided  summits ;  but  their 
primary  form  is  an  oblique  rhombic  prism.  It  has  an  exceed- 
ingly sour  taste,  reddens  litmus  paper  strongly,  and  forms 
neutral  salts  with  alkalies.  The  crystals,  which  consist  of  1 
equivalent  of  real  acid  and  3  of  water,  undergo  no  change  in 
ordinary  states  of  the  air ;  but  efiioresce  slightly  in  a  very  dry 
and  warm  atmosphere.  It  possesses  considerable  volatility,  and 
may  be  slowly  sublimed. 

This  acid  taken  internally  is  a  rapid  and  fatal  poison ;  and 
frequent  accidents  have  occurred  from  its  being  sold  and  taken 
by  mistake  for  Epsom  salt,  with  the  appearance  of  which  its 
crystals  have  some  resemblance.  These  substances  may  be 
easily  distinguished,  however,  by  the  strong  acidity  of  oxalic 
acid,  which  majr  be  tasted  without  danger,  while  sulphate  of 
magnesia  is  quite  neutral,  and  has  a  bitter  saline  taste. 

When  the  acid  has  been  accidentally  swallowed,  copious 
draughts  of  lime-water,  or  powdered  chalk  and  water,  should 
be  administered,  and  vomiting  excited  as  soon  as  possible. 

923.  Oxalic  acid  is  easily  distinguished  from  all  other  acids 
by  the  form  of  its  crystals,  and  by  its  solution  giving  with  lime- 
water  a  white  precipitate,  which  is  insoluble  in  an  excess  of  the 
acid.  When  the  acid  is  contained  in  mixed  fluids,  it  may  be 
conveniently  precipitated  by  nitrate  of  oxide  of  lead,  care 
being  taken  beforehand  to  neutralize  the  solution  with  a  little 
carbonate  of  soda.  The  precipitated  oxalate  of  oxide  of  lead, 
after  being  well  washed,  and  while  yet  moist,  is  suspended  la 
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water,  and  decomposed  by  a  current  of  hydrosulphuric  acid:    | 
the  clear  liquid  is  poured  off  or  filtered  from  the  sulphuret  of 
lead,  and  concentrated  by  evaporations  that  crystals  may  form. 
These  may  be  purified  by  solution  in  pure  water  and  second 
crystalization. 

As  an  equivalent  of  oxalic  acid  contains  2  equivalents  of  carbon  and  3  of 
oxygen,  it  may  be  regarded  either  as  a  direct  compoand  of  carbon  and 
oxygen,  indicated  by  the  formula  C^OsfOr  as  a  compound  of  carbonic  oxide 
and  carbonic  acid,  denoted  by  C0,C02*  It  is  converted  into  these  sab- 
stances  by  the  action  of  heated  sulphuric  acid. 

Oxalic  acid,  or  any  oxalate,  if  soluble,  may  always  be  detected  by  adding 
to  the  solution  a  neutral  salt  of  lime  or  oxide  of  lead,  when  a  white  oxalate 
of  the  base  used  will  be  thrown  down. 

924.  Oxalates  of  Potassa. — Oxalic  acid  forms  with  potassa  three  com- 
pounds.    The  first  is  the  neutral  oxalate,  which  is  formed  by  neutralizing     i 
carbonate  of  potassa  with  oxalic  acid.    It  crystalixcs  in  oblique  quadran-     1 
gular  prisms,  which  have  a  cooling,  bitter  taste.    This  salt  is  much  em-     ^ 
ployed  as  a  reagent  for  detecting  lime.    The  binoxalate  is  contained  in 
sorrel,  and  may  be  procured  from  that  plant  by  solution  and  crystalization. 
It  crystalizes  readily  in  small  rhomboids,  which  are  less  soluble  in  water 
than  the  neutral  oxalate.     It  is  oflen  sold  under  the  name  of  essentud  taU 
of  lemons  for  removing  iron  mould,  stains  of  ink,  Alc,  fl'om  linen, — an 
effect  which  it  produces  by  half  of  its  acid  uniting  with  the  peroxide  of  iron 
and  forming  a  soluble  oxalate.     The  quadroxalate  is  the  least  soluble  of 
these  salts,  and  is  formed  by  digesting  the  binoxalate  in  nitric  acid,  by 
which  it  is  deprived  of  half  its  base. 

925.  Oxalate  of  Ammonia, — This  salt,  prepared  by  neutralizing  amroooia 
with  oxalic  acid,  is  much  used  as  a  reagent  It  is  very  soluble  in  hot  water, 
and  is  deposited  in  acicular  crystals  when  a  saturated  hot  solution  is  allowed 
to  cool.  It  is  much  used  as  a  test  for  lime,  and  also  to  separate  lime  from 
magnesia. 

926.  Oxalate  of  Lime. — This  salt,  like  all  the  insoluble  oxalates,  is  easily 
prepared  by  way  of  double  decomposition.  It  is  a  white  finely-divided 
powder,  which  is  remarkable  for  its  extreme  insolubility  in  pure  water.  On 
this  account  a  soluble  oxalate  is  an  exceedingly  delicate  test  for  lime.  It  is 
soluble,  however,  in  hydrochloric  and  nitric  acids.  It  may  be  exposed  to  a 
temperature  of  560°  without  decomposition,  and  is  then  quite  anbydrons. 
No  binoxalate  of  lime  is  known. 

This  salt  is  interesting  in  a  pathological  point  of  view,  because  it  is  a 
frequent  ingredient  of  urinary  concretions,  being  the  basis  of  what  is  called 
the  mulberry  calculus.     It  is  also  found  in  several  species  of  lichen. 

927.  ChlorO'Carhonic  Acid, — This  substance  has  been  called  phosgene 
gas.  Il  id  formed  by  exposing  equal  measures  of  dry  chlorine  and  carl£>nic 
oxide  to  sunshine,  when  combination  ensues,  and  they  contract  to  half  their 
volume. 

It  is  a  colorless  gas,  and  has  a  strong  disagreeable  odor.  It  may  be 
viewed  as  carbonic  acid,  in  which  onchalf  of  the  oxygen  has  been  replaced 
by  chlorine.  CO^j— O-f  Cl=CO,Cl. 

ACETIC     ACID. 

928.  Acetic  acid  exists  ready  formed  in  the  sap  of  many 

plants,  either  free  or  combined  with  lime  or  potassa;  it  is  gene- 
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rated  during  the  destructive  distillation  of  vegetable  matter, 
and  Is  an  abundant  product  of  the  acetic  fermentation. 

This  acid  forms  the  acidifying  principle  of  common  vinegar, 
of  which  it  constitutes  about  one-twentieth  part.  Vinegar 
contains  also  considerable  saccharine  and  mucilafflnous  matter. 

Vinegar,  as  the  name  derived  from  the  French,  vin  aigre. 
Implies,  is  formed  from  wine  in  many  countries,  but  is  often 
made  also  by  subjecting  malt  liquors  or  cider  to  the  free  access 
of  atmospheric  air. 

All  liquids  indeed  which  are  capable  of  the  vinous  fermenta- 
tion may  be  made  to  produce  this  acid;  the  sugar  or  starch 
which  they  contain  is  first  converted  into  alcohol,  and  after- 
wards by  osydation  into  acetic  acid. 

It  is  now  well  aacertained  that  llic  change  from  alcohol  lo  accUc  acid 
oonsiits  BimpI^  in  the  remaval  of  S  equifa.lenta  of  the  hydrogen  of  the  atco- 
bol,  and  addition  of  9  eq.  of  oxygen  ;  these  changes  not  being  simulliincous, 
but  saccesaiTe,  aldehyde  being  the  intermediate  product.  Thus  alcohol, 
C^HgOa,  by  losing  3  eq.  of  hydrogen,  becomes  aldehyde,  CiH^Oj;  and 
this,  by  altsarbiag  3  eq.  of  oiyiren,  forms  bydrated  acetic  acid,  C,H,04^ 
C,H30,+H0. 

Pi,  gj  The  accesB  of  atmospheric  air  is  absolutely  essential 

to  the  formation  of  Tinegar  by  the  ordinary  process,  as 
eell  known;  and  its  production  is  much  facilitated 
a  method  invented  in  Germany.  A  cask,  as  seen  in 
\  Ggure  SS  ia  SUed  witli  wood  shavings.and'closed  at  top 
ll  by  a  pan  6,  the  bottom  of  which  is  perforated  with  many 
11  smsll  holes,  through  which  small  threads  are  passed  (o 
I  conduct  the  liquid  downward.  The  shavings  being  firat 
I  well  soaked  in  vinegar,  are  placed  lightly  in  the  cask, 
f  and  below  them  are  several  small  holes  cc  about  half  an 
•i\  in  diameter,  lo  admit  the  free  accession  of  air.  If 
w  proof  spirit  diluted  with  four  limes  its  weight  of 
water,  and  having  miied  with  i1  a  very  little  honey  or 
oto  the  pan  stKire,  it  gradually  trickles  down  upon  Iho 
I  large  surfsce  being  eiposed  to  the  almoaphcre,  rapid 
■bBorption  of  oxygen  takes  place,  the  temperature  ie  raised,  and  acetic  acid 
is  rapidly  formed.  As  the  liquid  paaaes  down  it  is  collected  in  the  vessel  a  ; 
and  when  passed  through  three  or  tour  timea,  which  requites  but  about  36 
hours,  it  is  converted  into  excellent  vinegar. 

The  acetic  acid  now  generally  employed  for  chemical  pur- 
poses or  in  the  arts,  is  prepared  by  the  distillation  of  wood,  and 
is  sold  under  the  name  oi pyroligneoiia  acid. 

929.  Concentrated  acetic  acid  ia  best  obtained  by  decom- 
posing the  acetates  either  by  sulphuric  acid,  or  in  some  in- 
stances by  heat.  A  convenient  process  is  to  distil  acetate  of 
potassawith  half  its  weight  of  concentrated  sulphuric  acid,  the 
recipient  being  kept  coofby  the  application  of  ice.  The  acid  is 
at  first  contaminated  with  sulphurous  acid ;  but  by  mixing  it 
with  a  little  peroxide  of  manganese,  and  redistilling,  it  is  ren- 
dered quite  pure.    A  strong  acid  may  likewise  be  procure^ 
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from  arelale  of  oxide  of  copper  by  the  aole  action  of  hi 
The  acid  when  first  collected  has  a  greenish  tint,  owing  to 
presence  of  copper,  from  which  it  is  freed  by  a  second  dislilta 
tion.     Pyro-aeetic  ether  is  formed  towards  the  close  of  ti"^^ 
process. 

930.  Strong  acetic  acid  is  exceedingly  pungent,  and  evf 
raises  a  blister  when  kept  for  some  time  in  contact  with  tl 
skin.  It  has  a  very  sour  taste,  and  an  agreeable,  re&eshin 
odor,  lis  acidity  is  well  marked,  as  it  reddens  litmus  papt 
powerfully,  and  forms  neutral  salts  with  the  alkalies.  It  ' 
exceedingly  volatile,  rising  rapidly  in  vapor  at  a  moderate  tt 
penitiire  without  undergoing  any  change.  Its  vapor  is  inflan 
tiiable  and  burns  with  a  white  light  In  its  most  concentraM 
form  It  is  a  definite  compound  of  one  equivalent  of  water,  an 
one  equivalent  of  acid ;  and  in  this  state  it  crystalizes  wbe 
exposed  to  a  low  temperature,  retaining  its  solidity  until  ll" 
thermometer  rises  to  50^.  It  is  decomposed  by  being  pasH 
through  red-hot  tubes,  but  owing  to  its  volatility,  a  large  q 
tity  of  it  escapes  decompoatlon. 

HydrQted  acetic  acid,  wlicn  free  from  oiceaa  of  water,  cryslnliw 
50°  Id  Inrge  ivhjte  plulcs,  and  is  hence  called  glacial  acetic  ncir 
liquid  alile  Ll  is  cnpablo  of  cfisselving  camphor,  and  the  essenUi 
'■■  .    Saturated  «i(h  o        '  '   " 


EiBvar,  and  is  uacd  aa  a  eljmulant  against  liiinting. 

Ttit  onl^  Cort-ect  Diode  of  C^etirnating  the  alrcn^th  of  acetic  acid  ia  'bj  i 
nonlraliiing  power.     Ila  apccifio  gravity  ' .— ^  — 


.  Acetates  of  Protoxide  of  Lead. — The  neutral  i.  . 
long  known  by  the  name  oitugar  of  lead,  is  made  by  dissoM 
either  the  carbonate  or  litharge  in  distilled  vinegar.  The  aoi 
tion  has  a  sweet,  succeeded  by  an  astringent  taste,  does  B 
redden  litmus  paper,  and  deposites  shining  acicular  crystals  I 
evaporation.  When  more  regularly  crystalized,  it  occurs 
six-sided  prismatic  crystals,  clcaveabie  parallel  to  the  lateil 
and  lerminal  planes  of  a  right  rhombic  prism,  which  may  b 
regarded  as  its  primary^  form.  The  crystals  effloresce  atoiri 
by  exposure  to  the  air,  and  require  about  four  times  the 
weight  of  water  at  60°  for  solution. 

This  salt  is  partially  decomposed,  with  formation  of  carboit 
ale  of  oxide  of  lead,  by  water  which  contains  carbonic  acid,  a^^ 
by  exposure  to  the  air;  but  a  slight  addition  of  acetic  acid  rei 
ders  the  solution  quite  clear.  It  is  much  used  in  the  arts,  I' 
medical  and  surgical  practice  as  a  sedative  and  astringent,  ao 
In  chemistry  as  a  reagent. 

It  is  poisonous  if  taken  internally. 

Besides  the  neutral  acetate  there  is  a  seaqiiibanic  and  a  (n 
hasie  acetate,  neither  of  which,  however,  possesses  any  specii 
interest.   The  tribasic  acetate  of  lead,  the  exl r actum  eatumie 
the  PharmacopiiB,  is  the  base  of  Goulard's  extract.  As" 
acelate,  it  is  said,  has  also  been  formed. 
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932.  Acetate  of  alumina  and  acetate  of  baryta  are  used  as 
mordants  by  dyers  and  calico-printers. 

Acetates  of  Copper. — The  neutral  acetate  of  copper  may  be 
formed  either  by  dissolving  protoxide  of  copper  or  common 
verdigris  in  acetic  acid,  or  by  decomposing  the  sulphate  by  an 
equivalent  quantity  of^acetate  of  oxide  of  lead.  On  evapora- 
tion it  readily  crystalizes  in  oblique  rhombic  prisms  of  a  dark 
freen  color,  which  contain  a  single  equivalent  of  water.  If, 
owever,  the  temperature  of  the  solution  is  below  46^,  the  form 
of  the  crystals  is  varied  zmd  they  contain  5  equivalents  of  water, 
and  are  of  a  blue  color. 

The  bibasic  acetate  of  copper  is  the  well-known  verdigris 
used  by  painters.  It  is  prepared  in  large  quantity  in  the  south 
of  France,  by  covering  copper  with  the  refuse  of  the  grape  after 
the  juice  has  been  extracted  for  making  wine :  the  saccharine 
matter  contained  in  the  husks  furnishes  acetic  acid  by  fermenta- 
tion, and  in  four  or  six  weeks  the  plates  acquire  a  coating  of 
the  acetate.  A  purer  and  better  article  is  prepared  by  covering 
copper  plates  with  cloth  soaked  in  pyroligneous  acid. 

The  sesqidbasic  and  iribasic  acetates  of  copper  possess  no 
peculiar  interest. 

SUCCINIC     ACID. 

933.  This  acid  is  procured  by  heating  powdered  amber  in  a 
retort  by  a  regulated  temperature,  when  the  succinic  acid, 
which  exists  ready  formed  in  amber,  passes  over  and  con- 
denses in  the  receiver.  As  first  obtained  it  has  a  yellow  color 
and  peculiar  odor,  owing  to  the  presence  of  some  empyreumatic 
oil ;  but  it  is  rendered  quite  pure  and  white  by  being  dissolved 
in  nitric  acid,  and  then  evaporated  to  dryness.  The  oil  is 
decomposed,  and  the  succinic  acid  is  left  unchanged. 

Succinic  acid  has  a  sour  taste,  and  reddens  litmus  paper.  It 
is  soluble  both  in  water  and  alcohol,  and  crystalizes  by  evapo- 
ration in  anhydrous  prisms.  When  briskly  heated  it  fuses, 
undergoes  decomposition,  and  in  part  sublimes,  emitting  a 
peculiar  and  very  characteristic  odor. 

934.  Succinate  of  Ammonia  is  used  in  analysis  to  separate 
iron  from  manganese. 

C  A  MP  HO  RIG     ACID. 

This  compound  has  not  hitherto  been  found  in  any  plant,  and 
is  procured  only  by  digesting  camphor  for  a  considerable  time 
in  a  large  excess  of  nitric  acid.  As  the  solution  cools,  the  cam- 
phoric acid  separates  out  in  crystals.  It  is  sparingly  soluble  in 
water,  fuses  at  145^,  and  sublimes  at  a  temperature  by  no 
means  elevated.  Its  taste  is  rather  bitter,  and  when  quite  pure 
has  probably  no  odor.  It  reddens  litmus  paper,  and  combines 
with  alkaline  bases,  forming  salts  which  are  called  camphor- 
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ates :  those  with  the  alkalies  are  very  soluble  and  even  deli- 
quescent, but  with  oxide  of  lead  it  forms  an  insoluble  compound. 

BENZOIC     ACID. 

935.  Benzole  acid  exists  in  gum  benzoin,  in  storax,  in  the 
balsams  of  Peru  and  Tolu,  and  in  several  other  vegetable  sub- 
stances. 

This  acid  is  commonly  extracted  from  gum  benzoin.  The 
usual  process  consists  in  boiling  finely  powdered  gum  benzoin 
in  a  large  quantity  of  water  along  with  lime  or  carbonate  of 
potassa,  by  which  means  a  benzoate  is  formed.  To  the  solu- 
tion, after  being  filtered  and  concentrated  by  evaporation, 
hydrochloric  acid  is  added,  which  unites  with  the  base,  and 
throws  down  the  benzoic  acid.  It  is  then  dried  by  a  gentle 
heat,  and  purified  by  sublimation. 

936.  Benzoic  acid  has  a  sweet  and  aromatic  rather  than  a 
sour  taste ;  but  it  reddens  litmus  paper,  and  neutralizes  alkalies. 
It  fuses  readily  by  heat,  and  at  a  temperature  a  little  above  its 
point  of  fusion  it  is  converted  into  vapor,  emitting  a  peculiar, 
fragrant,  and  highly  characteristic  odor,  and  condensing  on 
cool  surfaces  without  change.  When  strongly  heated  it  takes 
fire,  and  burns  with  a  clear,  yellow  flame.  It  undergoes  no 
change  by  exposure  to  the  air,  and  is  not  decomposed  by  the 
action  even  of  nitric  acid.  It  requires  about  24  parts  of  boil- 
ing water  for  solution,  and  nearly  the  whole  of  it  is  deposited 
on  cooling  in  the  form  of  minute  acicular  crystals  of  a  silky 
lustre.  It  is  very  soluble  in  alcohol,  especially  by  the  aid  of 
heat. 

Fig^86.  The  sublimation  of  this  acid  may  be  beautifully  shown  by  put- 
ting a  small  quantity  of  it  upon  a  plate  of  metal  on  a  stand  and 
placing  over  it  a  glass  receiver,  having  suspended  in  it  a  small 
twig  of  mint  or  other  substance,  as  shown  in  figure  86  (from 
Webster's  Chemistry),  and  applying  the  heat  of  a  lamp  beneath  it 
In  a  short  time  the  leaves  will  be  covered  with  delicate  crystals 
of  the  acid. 

937.  This  acid  is  considered  an  oxide  of  the  compound  radical 
benzule  (Ci4H502)t  which  has  already  been  mentioned.  Oil  of 
bitter  almonds,  Cj  4He02,  is  a  hyduret  of  this  radical,  from  which 
the  chloride  (909),  iodide,  sulphurct,  cyanide,  and  numerous  other  com- 
pounds of  benzule,  may  be  prepared.  But  they  are  not  of  sufficient  import- 
ance to  be  here  described. 

CINNAMIC     ACID. 

938.  This  acid  (C|gH703),  is  formed  when  oil  of  cinnamon  is  long 
exposed  to  the  action  of  the  atmosphere,  and  by  other  means.  By  the  first 
method  it  forms  in  long  translucent  prisms,  which  are  slightly  soluble  in 
cold  or  warm  water.    It  is  an  oxide  of  the  compound  radical  cinnamule 
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MALIC     ACID. 

939.  This  is  a  bibasic  acid.  It  is  contained  in  most  of  the 
acidulous  fruits,  being  frequently  associated  with  tartaric  and 
citric  acids.  Grapes,  currants,  gooseberries,  arid  oranges  con- 
tain it  Vauquelin  found  it  in  the  tamarind,  mixed  with  tartaric 
and  citric  acids,  and  in  the  house-leek  (sempervivum  tectorum) 
combined  with  lime.  It  is  contained  in  considerable  quantity 
in  apples,  a  circumstance  to  which  it  owes  its  name.  It  is 
almost  the  sole  acidifying  principle  of  the  berries  of  the  moun- 
tain ash  or  service  tree  (sorbus  aucuparia). 

Malic  acid  possesses  strong  acidity,  and  a  pleasant  flavor 
when  diluted.  It  crystalizes  with  difficulty,  attracts  moisture 
firom  the  air,  and  is  very  soluble  in  water  and  alcohol.  Its 
aqueous  solution  is  decomposed  by  keeping,  and  it  is  converted 
into  the  oxalic  by  digestion  in  strong  nitric  acid. 

Malic  acid  forms  with  bases  numerous  salts,  which,  however, 
are  of  little  importance. 

CITRIC    ACID. 

940.  This  acid  is  contained  in  many  of  the  acidulous  fruits, 
but  exists  in  larqe  quantity  in  the  juice  of  the  lime  and  lemon, 
firom  which  it  is  procured  by  the  following  process :  To  any 
quantity  of  lime  or  lemon  juice,  finely  powdered  chalk  is  added 
as  long  as  effervescence  ensues;  and  the  insoluble  citrate  of 
lime,  after  being  well  washed  with  water,  is  decomposed  by 
digestion  in  dilute  sulphuric  acid.  The  insoluble  sulphate  of 
lime  is  separated  by  a  filter,  and  the  citric  acid  obtained  in 
crystals  by  evaporation.  They  are  rendered  quite  pure  by 
being  dissolved  in  water  and  recrystalized. 

Citric  acid  crystalizes  in  cooling  from  a  hot  saturated  solu- 
tion in  crystals  which  consist  of  1  eq.  of  the  anhydrous  acid, 
and  3,  4,  or  5  eq.  of  water,  according  to  the  temperature  at 
which  they  are  formed. 

941.  Citric  acid  has  a  strong  sour  taste,  with  an  agreeable 
flavor  when  diluted,  reddens  litmus  paper,  and  neutralizes  alka- 
lies. In  a  dry  state  it  may  be  preserved  for  any  length  of  time, 
but  the  aqueous  solution  is  gradually  decomposed  by  keeping. 
The  crystals  are  soluble  in  an  equal  weight  of  cold  and  in 
half  their  weight  of  boiling  water,  and  are  also  dissolved  by 
alcohol.  It  is  converted  into  the  oxalic  by  digestion  in  nitric 
acid. 

Citric  acid  is  characterized  by  its  flavor,  by  the  form  of  its 
crystals,  and  by  forming  an  insoluble  salt  with  lime,  and  a  deli- 
quescent soluble  one  with  potassa.  It  does  not  render  lime- 
water  turbid  unless  the  latter  is  in  excess,  and  fully  saturated 
with  lime  in  the  cold. 

This  acid  is  used  in  calico-printing,  and  for  medicinal  and 
domestic  purposes,  instead  of  lemon  juice. 


CDRMISTBY. 


Citric  leid  being  liibuic  tbrmi  oanieroiiB  uid  and  bngic  ralti,  accordii^ 
u  Ihey  cooUm  more  ot  \a»  of  combined  wiler  (514),  but  ihcy  —  - 
d«*cribe4  in  UlU  »mk,  u  none  orihem  possess  iny  special  iDtcrest 


MZ.  Tartaric  add  is  bibasic.     When  crystalized  it  alwaj 
contains  2  eq.  of  water  united  with  I  eq.  of  the  acid.     It  exia 
in  the  juioe  of  several  acidulous  fruits,  sometimes  free,  but, 
rally  In  combination  with  lime  or  potassa. 

The  tartaric  acid  of  commerce  is  obtained  from  the  juice 
the  grape,  in  which  it  exists  in  great  abundance,  combin 
with  potassa.  When  the  juice  is  pressed  fi'om  the  grape,  t 
salt  is  held  in  solution,  but  being  insoluble  in  spirituous  ItqiH 
89  the  rermentation  progresses,  it  is  gradually  deposited  in  iri 

Sular  crystalized  layers  on  the  inside  of  the  casks  in  whi 
le  wine  is  made.  This  salt,  containing  1  eq,  of  fixed  base  a: 

I  eq,  of  water,  is  always  acid ;  and  by  neutralizing  with  lil 
and  decomposing  the  tartrate  of  lime  by  sulphuric  acid,  the  pn 
tartaric  acid  Is  obtained,  which  is  easily  crystalized  by  evqi 
ration, 

943.  Tartaric  acid  has  a  sour  taste,  which  is  very      

when  diluted  with  water.  It  requires  five  or  sis  times 
weight  of  water  at  CO-'  for  solution,  hut  is  much  more  solo 
in  boiling  wnler.  The  aqueous  solution  is  gradually  dec( 
posed  by  keeping,  and  a  similar  change  is  experienced,  nn 
the  same  circumstances,  by  most  of  the  tartrates.  The  a 
tals  may  be  exposed  to  tlie  air  without  change.  They 
converted  into  the  oyalic  by  digestion  in  nitric  acid. 

Tartaric  acid  cannot  be  deprived  of  its  water  of 
tion,  except  by  uniting  with  nn  alkaline  base:  on  attei_^._ 
to  expel  it  by  heat,  the  acid  fuses  and  is  decomposed,  yid 
ing,  if  air  is  excluded,  the  usual  products  of  destructive  distil: 
tion,  together  -with  pyrotartaric  or  tartralic  acid  (917). 
large  residue  of  charcoal  is  obtained. 

944.  Tartaric  acid  is  distinguished  from  other  acids  by  forming 
a  white  precipitate,  acid  tartrate  of  potassa,  when  mixed  with 
any  of  the  salts  of  chat  alkali.  This  acid,  therefore,  separates 
potassa  from  other  acids.  It  occasions  with  lime-water  a  white 
precipitate,  which  is  very  soluble  in  an  excess  of  the  acid. 

945.  Tartrotct  o/  Po(a(»o.— There  are  Iwo  tartrates  of  polasBo.  die 
ttrtrate  and  (lie  neutral  faitrsts.  The  former  ia  compoaed  of  I  oq.  ol 
tciA  united  with  1  cq.  of  potassa  and  I  eq.  of  water,  and  ia  distinctly  i 

II  is  the  cream  ef  tartar  of  commoroe,  and  in  books  is  often  described 
bilarlrale  of  pntaaaa. 

Cream  of  tartar  is  very  sparingly  soluble  in  water,  requiring  60  pu 
cold  and  14  uf  boiling  water  fqr  aoltition,  and  ia  deposited  from  Ihe 
on  cooling  in  small  orystfllino  grains.  Its  erysUls  arc  commonly  irni 
sii.sidcd  prisms,  and  its  primary  form  is  eitlior  a  right  reciangulat, 
right  rhombic  prism.  Its  water  of  crrstdiialipo  cannot  bo  cipolled  wil 
decompoaing  the  Mit  itself. 

When  this  salt  is  ejpo«cd  to  heat,  it  is  decomjioEcd  with  the 


YBGXTABLE     ACIDS.  300 

of  carbonate  potassa,  which  may  be  obtained  very  pure  by  filtration.  Hence 
its  name,  talt  of  tartar. 

The  neutral  tartrate  of  potaesa,  called  also  soluble  tartar,  is  formed  by 
adding  cream  of  tartar  to  a  hot  solution  of  carbonate  of  potassa.  It  is 
neutral  in  its  reaction. 

946.  Tartrate  of  Potassa  and  Soda. — This  double  salt,  which  has  been 
long  employed  in  medicine  under  the  name  ofSiegnette  or  Rochelle  Salt,  is 

Srepared  by  neutraliung  acid  tartrate  of  potassa  with  carbonate  of  soda. 
y  evaporation  it  yields  prismatic  crystals,  the  sides  of  which  oflen  amount 
to  ten  or  twelve  in  number ;  but  the  primary  form,  as  obtained  by  cleavage, 
is  a  right  rhombic  prism. 

It  may  be  formed  extemporaneously  by  dissolving  cream  of  tartar  in 
water,  and  pouring  into  it  solution  of  bicarbonate  of  soda,  and  drinking 
daring  the  effervescence. 

947.  Tartrate  of  Oxide  of  Antimony  and  Potassa, — This  compound,  long 
oelebrated  as  a  medicinal  preparation  under  the  name  of  tartar  emetic,  is 
made  by  boiling  sesquioxide  of  antimony  with  a  solution  of  acid  tartrate  of 
potassa.  The  oxide  of  antimony  evidently  replaces  the  eq.  of  water  in  the 
eream  of  tartar. 

Tartar  emetic  yields  crystals,  which  are  transparent  when  first  formed, 
bat  become  white  and  opaque  by  exposure  to  the  air.  Its  primary  form  has 
been  correctly  described  as  an  octohedron  with  a  rhombic  base,  but  the 
edges  of  the  base  are  frequently  replaced  by  planes  which  communicate  a 
prismatic  form,  and  its  summits  are  generally  formed  with  an  edge  instead 
of  a  solid  angle,  which  edge  is  frequently  truncated,  presenting  a  narrow 
rectangular  surface.  Its  aqueous  solution,  like  that  of  all  the  tartrates,  un- 
dergoes spontaneous  decomposition  by  keeping ;  and,  therefore,  if  kept  in 
the  liquid  form,  alcohol  should  be  added  in  order  to  preserve  it 

Tartar  emetic  is  decomposed  by  many  reagents.  Thus  alkaline  sub- 
stances,  from  their  superior  attraction  Sat  tartaric  acid,  separate  the  oxide 
of  antimony. 

This  substance  is  used  in  medicine  as  an  emetic,  but  taken  in  large  doses 
it  is  highly  poisonous. 

MBCONIC     ACID. 

948.  This  acid  is  found  only  in  opium.  Its  name  is  derived  from  the 
Greek,  v^nx^^^  P^^PPV-  ^^o*^  which,  as  is  well  known,  opium  is  obtained.  In 
the  poppy  it  is  probably  in  combination  with  morphia,  and  perhaps  other 
bases,  as  lime  and  potassa.  The  process  for  procuring  it  in  a  pure  state,  it 
is  not  necessary  here  to  transcribe. 

It  is  a  tribasic  acid,  and  forms  three  classes  of  salts,  according  as  they 
contain  I,  2,  or  3  eq.  of  fixed  base,  as  in  other  instances  of  tribusic  acids 
(514).  Meconic  acid  and  solutions  of  its  salts  are  distinguished  by  striking 
a  blood-red  color  by  the  persalts  of  iron.  None  of  the  meconates  are  of 
wiportancci 

GALLIC     ACID. 

949.  Gallic  acid  is  found  ready  formed  in  tlie  seeds  of  the 
mango ;  but  it  is  usually  prepared  by  exposin*?  paste  made  of 
powdered  gall-nuts  (an  excrescence  which  grows  upon  several 
species  of  the  oak,)  and  water  to  the  action  of  the  air  for  a 
considerable  time.  Water  is  added  to  supply  the  loss  by  evapo- 
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rolion.  and  finally  Ihe  reaulUng  mass  ia  boiled,  and  the  gallis  ''^ 
add  crystalizea  on  cooling.  It  may  also  t>e  formed  by  JigMl  '^^ 
injt  powdered  gall-nuts  in  ether,  by  which  an  ethereal  solulioi  [^ 
of  the  acid  is  procured. 

Pure  gallic  acid  cryatalizea  in  oblique  rhomboidal  priamgll 
B  yellowish  color,  which  are  soluble  in  water  and  possesaj 
peculiar  astringent  taste.     With  the  persalts  of  iron  th' — 
strikes  a  deep  blue-black,  by  which  it  is  distinguished. 

950.  This  substance  exists  in  an  impure  state  in  gall-natl 
in  the  bark  of  most  trees;  in  some  inspissated  Juices,  such 
kino  and  catechu ;  in  the  leaves  of  the  tea-plant,  sumach,  r 
whortleberry,  and  in  astringent  plants  generally,  being 
chief  cause  of  the  astringency  of  vegetable  matter.     It  i 
quently  associated  with  gallic  acid,  as  in  gall-nuts,  in  most 
of  barit,  and  in  tea. 

It  may  he  obtained  from  powdered  gall-nuts  by  digestini 
in  ether,  which  dissolves  iL  The  solution  is  heavier  than  I 
of  gallic  acid,  and  therefore  remains  at  tt)e  bottom,  while 
other  may  be  drawn  off. 

Pure  tannic  acid  is  colorless  and  inodorous,  has  a  purely 
astringent  taste  without  bitterness,  and  may  be  preserved  witli- 
out  change  in  tlie  solid  state.  It  is  very  soluble  in  water,  and 
the  solution  reddens  litmus,  and  decomposes  alkaline  carboD' 
Btes  with  effervescence,  thus  leaving  no  doubt  of  its  acidity. 
Alcohol  and  ether  also  dissolve  tannic  acid,  but  more  sparingly 
than  water,  especially  when  anhydrous.  Solutions  of  tannic 
acid  do  not  affect  pure  protosalts  of  iron,  but  strike  a  deep  blue 
precipitate  with  the  persalts. 

Tannic  arid  combines  with  the  skins  of  animals,  forming  an 
insoluble  compound  which  does  not  putrefy.  This  is  the  basis 
of  most  kinds  of  leather ;  and  the  art  of  tanning  consists  in  pro- 
moling  the  union  of  these  substances. 

Tannic  acid,  like  the  gallic,  forms  a  black  compound  with  the 
persalts  of  iron ;  but  it  is  easily  distinguished  from  tiiat  acid  by 
forming  a  precipitate  with  gelatine, 

951.  This  acid  ia  formed  by  Iho  long  ejqwsure  of  wood  to  the  aclion  of 
sir  and  moistuni.  It  is  considered  ttie  eame  at  llie  geic  acid  of  Berielios. 
which  ia  obtained  from  soil  by  iligeKlinfr  it  with  wnlor.  It  seems  lo  In 
oloBcly  related  to  humui  and  (o  humie  acid,  which  nre  found  also  ia  iiUlH 
and  ure  tnippoaed  to  conlrjbula  much  to  their  terlilily.     Thej  all  regi^J 

'"""""'■"-""■      .„..„...  1 

952.  Stearic  Bcid  (from  cmap,  lalloiB,)  is  obUtned  hy  boi'ing  alennne  i^illl 
potnsau  ind  decomposing  the  prodact  nilh  warm  dilute  hydrocliloric  acid. 
The  stearic  o-Cid  whicli  precipitates  ia  to  lie  well  washed  with  pure  woler. 
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953.  The  stearine  used  in  this  process  is  an  essential  ingredient  in  all 
^K>lid  fats,  as  mutton'Suet.  It  is  obtained  firom  this  substance  by  digesting  and 
'^vashing  in  ether,  or  by  melting  it  with  six  times  its  weight  of  ether  and 
subjecting  it  to  strong  pressure. 

954.  Stearic  acid  is  without  taste  or  odor ;  it  melts  at  158^,  and  on  cool- 
3ng  forms  a  white  crystaline  mass  which  may  be  pulverized.     Its  specific 
sravity  is  1.01.     Made  into  candles  it  bums  like  wax,  with  a  clear,  white 
flame. 

Stearic  acid  unites  with  bases  forming  numerous  salts,  which  possess 
fittle  interest  except  in  their  chemical  history.  The  neutral  stearate  of 
potash  is  soluble  in  hot  alcohol,  and  on  cooling  forms  a  white  jelly,  called 
epodeldoc, 

OLEIC     ACID. 

955.  Oleic  acid  (name  from  tXatov,  otZ,)  is  obtained  chiefly  from  liquid 
fixed  oils  that  are  not  drying  oils,  but  is  contained  in  the  various  solid  fats. 
To  prepare  the  acid  it  is  necessary  first  to  procure  oleine,  which  exists  in 
large  quantity  in  oils,  especially  in  almond  oil.  "  This  is  done  by  dissolving 
the  oil  in  boiling  ether,  and  then  subjecting  the  solution  to  a  low  tempera- 
ture, by  which  the  margarine  contained  in  the  oil  is  crystalized  out ;  the 
ether  is  then  readily  separated  by  evaporation.  The  oleine  thus  formed, 
which  is  liquid  even  at  0°,  is  then  to  be  heated  with  potassa,  and  the  soap 
formed  decomposed  with  dilute  hydrochloric  acid,  and  the  oily  oleic  acid 
which  separates  washed  well  with  water  and  dried  with  chloride  of  calcium. 

Oleic  acid  in  its  pure  state  has  a  specific  gravity  of  0.898;  it  has  little 
taste  or  odor,  but  a  decidedly  acid  reaction.  It  crystalizes  at  temperatures 
below  32°. 

This  acid  unites  readily  with  bases  forming  salts,  which,  however,  possess 
little  interest 

MARGARIC     ACID. 

956.  This  acid,  the  name  of  which  is  derived  from  /lapyaptn?;,  a  pearl, 
like  the  stearic  and  oleic,  is  obtained  from  the  various  oils  and  fats.  It 
bears  a  close  resemblance  to  stearic  acid,  and  its  salts  are  very  similar  to 
the  stearates. 

Carhazotic  acid  is  obtained  by  the  action  of  nitric  acid  upon  indigo,  and 
several  animal  and  vegetable  substances. 

Idictic  acid  was  first  discovered  in  sour  milk,  but  it  is  also  obtained  from 
the  juice  of  the  beet  root 

Racemic  acid  is  intimately  associated  with  tartaric  acid  in  the  grape, 
fi-om  which  it  is  separated  by  a  particular  process. 

Moric  or  moroxylic  acid  is  found  in  the  bark  of  the  white  mulberry 
{morus  alba). 

Valerianic  acid  is  obtained  from  the  root  of  valerian  (Valeriana  officii 
nalis).    It  is  liquid  at  common  temperatures,  and  boils  at  270°. 

Rocellic  acid  is  found  in  the  rocella  tinctortim,  and  other  vegetables. 

Jgasuric  acid  is  obtained  from  the  nux  vomica. 

Other  vegetable  acids  are  the  mucic  mellitic^  lactucic^  croconic,  kinic, 
caincic,  cremaric^  pectic,  boletic,  zumic^  rhodizonic,  benzilic,  formic^  mela- 
tiu;,  esculic^  xanthic^  aldehydic,  komelic,  itaconitic,  maleie,  fumasiCt  cocoic, 
sericiCf  palmitic^  pimelic,  adipic,  &c.  tfcc.  &c. 

The  compound  acids  will  be  described  hereafter,  so  far  as  is  necessary 
ibr  our  purpose. 
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SECTION  m* 

VEGETABLE    ALKALIES. 

Of)?.  Under  this  title  are  comprehended  those  proximate  vege- 
table principles  which  exist  naturally  in  plants,  and  possess 
distinct  alkaline  properties.  Their  existence  was  first  recog- 
nized early  in  the  present  century.  They  are  capable  of  neu- 
tralizinjr  even  tlie  strongest  acids,  and  are  distinguished  from 
most  other  substances  of  vegetable  origin  by  containing 
nitrogen. 

They  never  exist  in  an  insulated  state  in  the  plants  which 
contain  them ;  but  they  are  apparently  in  every  case  combined 
with  an  acid,  with  which  they  form  salts  more  or  less  soluble  in 
water.  These  alkalies,  in  their  separate  states,  are  for  the  most 
part  very  insoluble  in  water,  and  of  sparing  solubility  in  cdd 
alcohol ;  but  they  are  all  readily  dissolved  by  that  fluid  at  a 
boiling  temperature,  being  deposited  from  the  solution,  cona- 
monly  in  the  form  of  crystals,  on  cooling.  Most  of  the  salts 
are  far  more  soluble  in  water  than  the  alkalies  themselves,  and 
several  of  them  are  remarkable  for  their  solubility. 

958.  The  following  are  some  of  the  more  important  vegetable  alkalies : 

Names,  EquiiK  Symbols, 

Morphia 296.35 NCasHgoOg 

Quinia 164.55 NCgoHi  aO, 

Cinchonia 156.55 NCoqHi^O 

Narcolina 421.67 NC46H22O13 

Strychnia 351.58 T^sCi^Hs-jO^ 

MORPHIA. 

959.  This  alkali  is  the  chief  medicinal  agent  of  opium,  in  which 
it  exists  combined  with  meconic  and  sulphuric  acids  and  asso- 
ciated with  several  other  substances,  especially  with  narcotina, 
gummy,  resinous,  and  extractive  coloring  matters,  &c. 

960.  To  prepare  it,  one  part  of  opium,  eight  of  water,  and  one  of  hydro- 
chloric acid,  are  digested  tog^ether  for  six  hours,  and  the  residue  which  is 
lefl  twice  more  treated  in  the  same  manner.  The  solution  thus  obtained  is 
then  saturated  with  common  salt,  and  the  precipitate  which  forms  by  stand, 
ing  collected  on  a  filter  and  digested  in  aqua  ammonia  for  twenty-four 
liours.  A  precipitate  is  now  formed,  which,  when  collected  by  a  filter,  is 
to  be  washed  with  water,  dried,  and  digested  in  strong  alcohol,  which  dis- 
solves the  morphia,  and  is  itself  easily  separated  by  evaporation. 

In  this  process,  the  object  of  wing  the  common  salt  is  to  separate  the 
narcotine  always  contained  in  opium,  while  the  meconic  acid,  co<)cine,  &.C., 
are  removed  by  dissolving  in  ammonia,  and  subsequently  in  alcohol. 

961.  Morphia  readily  crystalizes  from  its  alcoholic  solution 
in  small  right  rhombic  prisms.  In  its  pure  state  it  has  scarcely 
any  taste;  but  when  rendered  soluble  by  combining  with  an 
acid  or  by  solution  in  alcoholi  it  is  intensely  bitter.    It  has  an 
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alkaline  reaction,  and  combines  with  acids,  forming  neutral 
saJts,  which  are  far  more  soluble  in  water  than  morphia  itself, 
and  for  the  most  part  are  capable  of  crystalizing.  Solutions 
of  pure  potassa  and  soda  dissolve  it,  as  in  some  measure  does 
ammonia  also. 

The  salts  of  morphia  are  prepared  by  dissolving  it  in  dilute 
acids  and  evaporating  the  solution. 

962.  Sulphate  of  Morphia, — This  salt  crystalizes  in  groups 
of  acicular  crystals,  which  dissolve  in  twice  their  weight  of 
water."  They  always  contain  6  eq.  of  water  to  each  equivalent 
of  the  salt.    It  is  used  in  medicine. 

Bisulphate  of  morphia  has  an  acid  reaction.     It  is  little  known. 

963.  Hydrochlorate  of  Morphia. — This  salt  is  much  used  in  medicine.  It 
may  be  formed  by  the  direct  union  of  anhydrous  morphia  and  hydrochloric 
■cid  gas.  It  is  generally  seen  in  beautiful  acicular  crystals,  which  are 
anhydrous. 

964.  Acetate  of  Morphia. — Acetate  of  morphia  is  formed  by  dissolving 
the  alkali  in  acetic  acid,  or  by  decomposing  the  hydrochlorate  by  acetate  oi 
lead. 

965.  Meeonate  of  Morphia  is  probably  the  active  principle  in  opium. 
From  all  its  salts  morphia  may  bo  precipitated  by  tannic  acid  and  by  am- 
monia. 

NARCOTI NA. 

966.  Narcotina  was  first  described  by  Derosne  in  1803,  and  was  there- 
fore long  called  salt  of  Derosne.  It  is  obtained  from  opium.  It  crystalizes 
in  colorless  rhombic  prisms,  which  fuse  at  a  temperature  of  338'^,  and  con- 
geal again  on  cooling. 

Narcotina  is  easily  distinguished  from  morphia  by  being  soluble  in  ether, 
and  in  solutions  of  the  caustic  alkalies  and  earths.  Its  salts  are  of  little 
interest 

CINCHONIA     AND     QUINIA. 

967.  These  two  vegetable  alkalies  are  almost  always  found 
associated  together  in  certain  kinds  of  bark  which  have  long 
been  distinguished  for  their  active  medicinal  properties.  There 
are  several  varieties  of  the  bark,  but  all  have  been  called  Peru- 
vian bark,  from  the  place  whence  most  of  it  is  obtained. 

968.  These  principles,  though  very  analogous,  are  distinctly 
different,  standing  in  the  same  relation  to  each  other  as  potassa 
and  soda.  Cinchonia  exists  in  the  Cinchona  condaminea,  or 
pale  bark;  quinia,  often  with  a  little  cinchonia,  is  present  in  C. 
cordifolia,  or  yellow  bark;  and  they  are  both  contained  in  C. 
ohlongi folia,  or  red  bark.  One  of  the  easiest  processes  for 
preparing  them,  is  to  take  up  the  soluble  parts  of  the  bark  by 
hot  water  acidulated  with  hydrochloric  acid,  concentrate  the 
solution,  and  then  digest  with  successively  added  portions  of 
slaked  lime,  until  the  liquid  is  distinctly  alkaline.  The  precipi- 
tate is  carefully  collected,  and  the  vegetable  alkali  separated 
from  it  by  boiling  alcohol.    Slight  modifications  of  the  method 
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have  been  proposed.  From  one  pound  of  yellow  bark.  More- 
ton  procured  bO  grains  of  quinia,  which  is  nearly  1.4  per  cent., 
but  the  quantity  obtained  from  different  varieties  of  bark  is 
very  variable. 

909.  Cinchonia. — Pure  cinchonia  crystaJizes  in  colorless 
quadrilateral  prisms,  which  are  anhydrous,  require  2500  times 
their  weight  of  boiling  water  for  solution,  and  are  insoluble  in 
cold  water.  Its  proper  menstruum  is  boiling  alcohol ;  but  it  is 
dissolved  in  small  quantity  by  oils  and  ether.  Its  taste  is  bitter, 
though  slow  in  being  perceived,  on  account  of  its  insolubility ; 
but  when  the  alkali  is  dissolved  by  alcohol  or  an  acid,  the  hit- 
terness  is  very  powerful,  and  accompanied  by  the  flavor  of 
cinchona  bark.  Its  alkaline  properties  are  exceedingly  well 
marked,  since  it  neutralizes  the  strongest  acids.  The  sulphate, 
hydrochlorate,  nitrate,  and  acetate  of  cinchonia  are  soluble  in 
water,  and  the  sulphate  crystalizes  in  very  short  six-sided 
prisms  derived  from  an  oblique  rhomboidal  prism.  It  com- 
monly occurs  in  twin  crystals. 

970.  Sulphates  of  Cinchonia. — There  are  two  sulphates  of 
cinchonia,  the  bibasic  and  the  neutral.  They  very  much 
resemble  the  corresponding  salts  of  quinia.  The  same  maybe 
said  of  the  other  salts  of  cinchonia. 

971.  Quinia. — This  substance  possesses  much  greater  interest 
than  the  preceding.  It  is  separated  from  cinchonia  by  dissolving 
their  mixed  sulphates  in  alcohol,  from  which  crystals  of  sul- 
phate of  quinia  are  deposited,  while  the  other  salt  remains  in 
solution. 

972.  Sulphates  of  Quinia. — There  are  two  of  these  salts,  the 
bibasic  and  the  neutral  sulphates.  The  bibasic  or  disulphate 
of  quinia  is  extensively  used  in  medicine,  and  is  often  called 
simply  quinine.  Its  use  as  a  specific  in  intermittent  fever  is 
well  known.  It  crystalizes  in  delicate  white  needles,  having 
the  appearance  of  amianthus,  has  a  very  bitter  taste,  and  is  less 
soluble  in  water  than  sulphate  of  cinchonia.  It  is  freely  dis- 
solved by  boiling  alcohol,  and  is  neutral  to  test  paper.  It  is 
composed  of  2  equivalents  of  quinia,  1  equivalent  of  sulphuric 
acid,  and  8  equivalents  of  water. 

The  neutral  sulphate  crystalizes  in  quadrangular  prisms, 
which  readily  effloresce  in  the  open  air,  and  are  soluble  in  ten 
times  their  weight  of  water  at  60°. 

973.  Sulphate  of  quinia,  from  its  commercial  value,  is  frequently  adul- 
terated. The  substances  commonly  employed  for  the  purpose  are  sog^ar, 
gum,  starch,  ammoniacal  salts,  and  earthy  salts,  such  as  sulphate  of 
lime  and  magnesia,  or  acetate  of  lime.  Pure  sulphate  of  quinia,  when 
deprived  of  its  water  of  crystalization  by  a  heat  of  212°,  should  lose  only 
from  8  to  10  per  cent  of  water.  Sugar  may  be  detected  by  dissolving  the 
suspected  salt  in  water,  and  adding  precisely  so  much  carbonate  of  potassa 
as  will  precipitate  the  quinia.  The  taste  of  the  sugar,  no  longer  obscured 
bjr  the  intense  bitter  of  the  quinia,  will  generally  be  perceived;  and  it  may 


CTAiroetlN    AND    ITS    COMPOUNDS.         875 

be  separated  from  the  sulphate  of  potassa,  hy  evaporating  gently  to  dryness, 
and  dissolving  the  sugar  by  boiling  alcohol.  Gum  and  starch  are  led  when 
the  impure  sulphate  of  quinia  is  digested  in  strong  alcohol.  Ammoniacal 
salts  are  discovered  by  the  strong  odor  of  ammonia,  which  may  be  observed 
when  the  sulphate  is  put  into  a  warm  solution  of  potassa.  Earthy  salts 
may  be  detected  by  burning  a  portion  of  the  sulphate. 

974.  Strychnia  is  an  alkaline  substance  obtained  from  the  nuz  vomica 
and  St  Ignatius*  bean.  It  is  also  found  in  the  famous  Upas  of  the  Island 
of  Java.  It  is  one  of  the  most  violent  vegetable  poisons  known.  Its  salts, 
in  consequence  of  their  greater  solubility,  are  more  active  than  the  alkali 
itselH 

Bmcia  is  nearly  allied  to  the  preceding  substance,  and  is  always  found 
associated  with  it. 

975.  Veratriat  obtained  from  the  veratrum  album;  Picrotoxia^  from 
eoetUtis  indieus;  Solania,  from  the  aoUmum  dulcamara  ;  Sanguinaria^  from 
the  sanguinaria  canadensis  ;  Corydala,  Delphian  Cynopia^  &c.,  are  classed 
with  the  vegetable  alkalies. 

Various  other  plants,  as  conium  maculatumt  cicuta  maculata^  atropa  heU 
ladona^  datura  stramonium,  &.c.,  owe  their  active  properties  in  all  probability 
to  peculiar  alkalies  contained  in  them. 


SECTION  IV. 
CYANOGEN    AND   ITS   COMPOUNDS. 

976.  Cyanogen  is  probably  the  most  important,  as  well  as  the 
best  known  in  its  various  relations,  of  all  the  compound  radi- 
cals.    It  is  therefore  made  the  subject  of  a  separate  section. 

The  mode  of  preparing  it  has  already  been  given  (470),  and 
some  description  of  the  substance.  At  ordinary  temperatures 
it  is  gaseous  (471),  but  as  before  stated  may  easily  be  converted 
into  a  liquid  by  the  moderate  pressure  of  3.6  atmospheres. 

Fig.  87.  977.  This  may  be  done  as  fol- 

lows :  Let  a  small  quantity  of  cy- 
anide  of  silver  be  introduced  into  a 
strong  glass  tube,  bent,  as  in  figure 
87,  and  hermetically  sealed.  It  is 
then  to  be  held  horizontally,  and  the  heat  of  a  lamp  applied  at  the  extremity 
a,  containing  the  cyanide  of  silver.  The  other  extremity  b  is  to  be  kept 
cool ;  and  in  a  short  time  the  liquid  cyanogen  will  be  seen  to  collect  in  it. 

978.  The  following  table  exhibits  the  names,  composition,  &,c.,  of  some 
of  the  more  important  compounds  of  this  substance,  which  are  described  in 
this  work : 

Names,  Equiv,  Symbols, 

Cyanogen 26.39 NC2  or  Cy 

Cyanic  acid 34.39 NC2O  or  CyO 

Fulrainic  acid 68.78 CyaOg 

Cyanuric  acid 103.17 Cy^Os 

Hydrocyanic  acid 27.39 CyH 
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Names,  Equiv.  SymhoU* 

Protocyanidc  of  iron 54.39 FeCy 

Sesquicyanidc  of  iron 135.17 Fe2Cy3 

Cyanide  of  silver 134.39 AgCy 

Fcrrocyanidc  of  potassium 185.47 FeCy-|-2KCy 

St'sqiiiicrrocyanide  of  iron SFeCy-j-SFcaCya 

Bisulphurel  of  cyanogen 58.59 CyS^  or  Csy 

Numerous  other  compounds  of  this  radical  must  be  entirely 
omitted. 

979.  Cyanic  Acid, — This  acid  is  formed  by  causing  a  current 
of  cyanogen  to  pass  through  a  solution  of  potassa;  water  is 
decomposed,  and  a  cyanide  and  acyanate  of  potassa  are  formed; 
and  from  the  cyanate  the  acid  may  by  proper  means  be  sepa- 
rated.   It  may  also  be  procured  by  various  other  means. 

980.  This  acid  when  pure  is  a  transparent  liquid  at  ordinary 
temperatures,  is  very  volatile,  and  has  a  pungent  odor  like 
acetic  acid.  It  forms  with  bases  numerous  salts,  which  how- 
ever do  not  require  description  here. 

981.  Fulminic  Acid. — This  acid  has  received  its  present  name 
in  consequence  of  its  forming  powerfully  detonating  or  fulmi- 
nating compounds  when  united  with  several  bases,  and  par- 
ticularly with  the  oxides  of  mercury  and  silver.  It  is  formed 
by  the  action  which  takes  place  when  a  proper  proportion  of 
alcohol  is  poured  into  a  strongly  acid  solution  of  mercury  or 
silver,  and  unites  immediately  with  the  oxide  of  the  metal  used, 
from  which  it  may  be  separated  by  digesting  it  with  potassa, 
forming  a  fulminate  of  potassa.  It  cannot  be  obtained  in  a  free 
state. 

Fulminic  acid  is  bibasic,  and  forms  two  series  of  salts,  the 
neutral  which  contains  2  eq  of  fixed  base,  and  the  acid  salts 
which  contain  1  eq.  of  fixed  base  and  1  eq.  of  water. 

981.  Fulminate  of  Mercury. — Fulminate  of  mercury  was  first 
formed  by  Howard  in  the  year  1800.  It  is  prepared  by  dis- 
solving 100  grains  of  mercury  in  a  measured  ounce  and  a  half 
of  nitric  acid  of  specific  gravity  1.3;  and  adding,  when  the  solu- 
tion has  become  cold,  two  ounces  by  measure  of  Eilcohol,  the 
density  of  which  is  0.849.  The  mixture  is  then  heated  tiJl  mo- 
derately brisk  effervescence  takes  place,  during  which  the  ful- 
minating compound  is  generated. 

A  much  better  method  is  that  recommended  by  Professor  Silliman 
(Chemistry,  II.  322).  Single  aquafortis  is  added  to  mercury  in  excess,  in 
a  tumbler,  and  allowed  to  stand  over-night  in  the  cold.  The  solution  thas 
formed,  after  being  agitated  to  mix  the  parts  equally,  is  poured  into  a  tall 
glass,  as  a  quart  tumbler  or  earthen  pilcher,  with  an  equal  quantity,  by 
measure,  of  the  strongest  double  aquafortis.  A  very  little  alcohol  should 
now  be  added,  and  in  a  few  minutes  slight  explosions  will  begin  to  be  heard, 
and  violent  etiTervescence  will  then  at  once  commence,  which  should  be 
checked  by  the  addition  of  more  alcohol.  The  fiimes  should  never  be 
"ed  to  become  red,  nor  should  so  much  alcohol  be  added  at  any  time  as 
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to  caaae  the  effervesceficd  entirely  to  cease.  About  two  measures  of  alco- 
hol will  be  required  to  one  of  the  acid.  The  precipitate  begins  to  form 
immediately  with  the  effervescence,  and  when  it  ceases  to  increase,  the 
action  should  be  stopped  by  pouring  in  cold  water  ;  and  the  powder  collected 
in  a  filter  and  washed.  Not  more  than  two  fluid  ounces  of  the  solution  of 
mercury  should  ever  be  used  at  a  time. 

982.  The  salt  as  thus  prepared  often  contains  a  little  metallic 
mercury,  ft-om  which  it  may  be  freed  by  dissolving  it  in  boiling 
water  and  recrystalizing.  When  dry  it  explodes  with  great 
violence  by  a  slight  blow  with  a  hard  substance,  or  by  friction. 
It  is  much  used  in  the  manufacture  of  percussion  caps  for  fire- 
arms. For  this  purpose  it  is  made  into  a  paste  with  nitre,  in 
the  ratio  of  10  parts  of  the  former  to  6  parts  of  the  latter. 

983.  Fulminate  of  Silver. — To  form  this  substance,  a  twelve  and'a  hal& 
cent  piece  may  be  dissolved  in  two  ounces  of  nitric  acid,  diluted  with  an 
equal  measure  of  diatiUed  water,  by  the  aid  of  heat ;  and  when  cold,  two 
ounces  of  common  alcohol  added.  The  heat  of  a  lamp  is  then  to  be  applied, 
but  removed  as  soon  as  effervescence  commences ;  the  fulminate  is  gradu- 
ally deposited  in  beautiful  snow-white  crystals,  which  are  to  be  collected  on 
a  filter  and  carefully  washed  with  distilled  water. 

Fulminate  of  silver  is  sparingly  soluble  in  cold  water,  but  readily  dis- 
solves in  36  times  its  weight  of  boiling  water.  It  is  one  of  the  most  explo- 
sive compounds  known,  and  should  never  be  formed  or  handled  but  with 
extreme  caution.  It  is  very  improperly  made  the  basis  of  a  small  toy  called 
a  torpedo,  which  consists  of  a  little  of  the  salt  mixed  with  some  gravel  and 
done  up  in  paper.  It  explodes  merely  by  being  thrown  upon  a  hard  sub- 
stance. 

984.  Fulminate  of  Zinc  is  formed  by  digesting  metallic  zinc  in  solution 
of  fiilminate  of  mercury. 

985.  Cyanuric  Acid, — Cyanuric  acid  is  produced  by  a  variety 
of  means.  It  derives  its  chief  importance  from  being  isomeric 
with  the  two  preceding  acids,  as  will  be  seen  by  consulting  the 
table  above  (978).  It  is  tribasic,  while  fulminic  acid  is  bibasic, 
and  cyanic  acid  monobasic. 

986.  Hydrocyanic  or  Prussic  Add, — This  compound  is  a  con- 
stituent of  water  distilled  from  the  leaves  and  blossoms  of  the 
peach  and  other  stone  fruits,  and  is  formed  artificially  by  the 
destructive  distillation  of  many  bodies  which  contain  nitrogen, 
by  the  decomposition  of  the  metallic  cyanides,  &c. 

Pure  hydrocyanic  acid  is  a  limpid,  colorless  liquid,  of  a  strong 
odor,  similar  to  that  of  peach  blossoms.  It  excites  at  first  a 
sensation  of  coolness  on  the  tongue,  whiclr  is  soon  followed 
by  heat;  but  when  diluted,  it  has  the  flavor  of  bitter  almonds. 
Its  specific  gravity  at  45°  is  0.70.  Its  point  of  ebullition  is  80^, 
and  at  5°  it  congeals.  When  a  drop  of  it  is  placed  on  a  piece 
of  glass,  it  becomes  solid,  because  the  cold  produced  by  the 
evaporation  of  one  portion  is  so  great  as  to  freeze  the  remainder. 
It  unites  with  water  and  alcohol  in  every  proportion. 

987.  Pure  hydrocyanic  acid  is  a  powerful  poison,  producing 
in  poisonous  doses  insensibility  and  couvulsioii^^  N<Va^\x  ^x^ 
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speedily  followed  by  death.  A  single  drop  of  it  placed  on  the 
tongue  of  a  dog  causes  death  in  the  course  of  a  very  few  se- 
conds ;  and  small  animals,  when  confined  in  its  vapor,  are 
rapidly  destroyed.  On  inspiring  the  vapor,  diluted  with  atmo- 
spheric air,  headache  and  giddiness  supervene ;  and  for  this 
reason  the  pure  acid  should  not  be  made  in  close  apartments 
during  warm  weather.  Its  effects  are  best  counteracted  by 
diffusible  stimulants,  and  of  such  remedies  solution  of  ammonia 
appears  to  be  the  most  beneficial.  The  aqueous  solution  of 
chlorine  may  be  used  as  an  antidote,  which  decomposes  hydro- 
cyanic acid  instantly,  with  formation  of  hydrochloric  acid.  In 
some  ex[)eriments,  recently  described,  symptoms  of  poisoning, 
induced  by  hydrocyanic  acid  applied  to  the  globe  of  the  eye, 
ceased  on  the  internal  administration  of  chlorine.  It  would 
hence  appear  that  both  substances  were  absorbed  into  the  cir- 
culating fluids,  and  there  reacted  on  each  other. 

988.  Pure  hydrocyanic  acid,  even  when  excluded  from  air  and  moisture, 
18  very  liable  to  spontaneous  decomposition,  owing  to  the  strong  tendency 
of  iLm  elements  to  form  new  combinations.  This  sometimes  commences  in 
a  few  hours  aflcr  its  formation.  Its  presence  4n  a  free  state  may  generally 
be  known  by  its  odor. 

This  acid  is  considerably  used  in  medicine,  of  course  in  a 
very  dilute  state.  The  prussic  acid  of  commerce  usually  con- 
tains only  from  1  to  4  per  cent,  of  the  acid,  the  rest  being  water. 

989.  Cyanide  of  Iron, — This  substance  is  distinguished  for 
entering  into  combination  with  other  metallic  cyanides,  form- 
ing the  class  of  bodies  called  ferro-cyanides.  It  seems  doubtful 
whether  it  has  ever  been  obtained  in  a  state  of  purity. 

990.  Sesquicyanide  of  Iron, — It  is  not  known  in  a  free  state. 
Like  the  protocyanide  of  iron,  it  forms  numerous  compounds 
with  other  bodies. 

991.  Cyanide  of  Silver. — Cyanide  of  silver  falls  as  a  curdy  white  precipi. 
late  when  hydrocyanic  acid  is  mixed  with  a  solution  of  any  salt  of  silver. 
It  is  used  in  preparing  cyanogen. 

992.  Ferrocyanide  of  Potassium. — This  compound  is  found 
in  commerce  m  a  state  of  great  purity.  It  is  generally  seen  in 
large  yellow  crystals  or  crystaline  masses,  and  is  called  Prus- 
sia te  of  potashf  or  sometimes  triple  prussiate  of  potash.  It  is 
prepared  on  a  large  scale  by  gently  igniting  potash  with  animal 
matters,  such  as  dried  blood,  and  the  horns  and  hoofs  of  ani- 
mals, when  cyanicle  of  potassium,  along  with  some  ferrocyan- 
•i'ie,  if  iron  be  present,  is  generated.  The  soluble  parts  are 
taken  up  in  water,  and  sulphate  of  protoxide  of  iron  is  added, 
until  the  Prussian  blue  which  is  formed  ceases  to  be  decom- 
posed by  the  free  potassa  contained  in  the  solution.  The 
ferro-cyanido  of  potassium  is  then  sot  to  crystalize,  and  is 
purified  from  sulphate  of  potassa  by  repeated  crystalization. 

This  substance  is  perfectly  neutral  to  test  paper,  and  crystal- 
izes  readily  in  large  transpaieivt  four-sided,  nearly  square,  tab- 
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Ular  crystals,  derived  from  an  acute  rhombic  octohedron,  the 
apices  of  which  are  deeply  truncated.  It  has  a  Jemon-yellow 
color,  no  odor,  a  slightly  bitter  taste,  quite  different  from  that 
of  hydrocyanic  acid,  is  insoluble  in  alcohol,  but  dissolves  in  less 
than  its  weight  of  hot  water. 

This  salt  is  much  employed  in  preparing  by  double  decom- 
position the  insoluble  ferrocyanides ;  and  as  the  precipitates 
nave  in  several  instances  very  characteristic  colors,  ferrocyan- 
ide  of  potassium  is  much  employed  as  a  test. 

It  is  also  used  very  extensively  in  the  arts,  especially  in  cal- 
ico-printing. Of  late  it  has  been  made  use  of  in  case-hardening 
iron  (677),  but  it  is  said  it  cannot  always  be  employed  for  this 
purpose,  as  it  is  apt  to  corrode  the  surface  of  the  metal. 

993.  Sesquiferrocyanide  of  Iron, — This  substance  was  acci- 
dentally discovered  at  Berlin,  Prussia,  in  1710,  from  which,  and 
from  its  beautiful  blue  color,  it  became  generally  known  under 
the  name  of  Berlin  or  Prussian  blue.  It  has  sometimes  been 
considered  as  a  ferrocyanide  of  the  peroxide  of  iron ;  but  as 
will  be  seen  by  referring  to  the  table  above  given  (978),  it  is  a 
compound  of  3  eq.  of  protocyanide  of  iron,  and  2  eq.  of  the 
sesquicyanide  of  iron.  A  ferro-cyanide  gives  Prussian  blue 
with  a  salt  of  the  peroxide  of  iron,  because  by  interchange  of 
their  elements  sesquicyanide  of  iron  is  generated. 

Protoxide  of  iron  does  not  produce  the  same  effect,  because  when  it 
«zchan|res  elements  with  cyanide  of  potassium,  protocyanide  and  not  ses« 
quicyanide  of  iron  is  generated. 

To  prepare  Prussian  blue,  add  ferro-cyanide  of  potassium  to  sulphate  of 
the  peroxide  of  iron,  the  latter  being  in  excess  and  acidulated  with  sulphuric 
acid,  and  both  largely  diluted.  A  blue  precipitate  will  soon  subside,  from 
vbich  the  supernatant  liquid  should  be  drawn  with  a  syphon,  and  the  vessel 
again  immediately  filled  with  cold  water,  slightly  acidulated  with  sulphuric 
acid.  Afler  subsidence  the  water  should  be  again  drawn  off  as  before,  and 
Ihe  process  several  times  repeated,  the  last  time  with  pure  water.  The  pre- 
cipitate is  then  to  be  dried  in  a  warm  place.  The  immediate  washing  is 
important 

The  Prussian  blue  of  commerce  is  prepared  by  fusing  animal  matters 
vith  pearlash  so  as  to  form  cyanide  of  potassium,  which  is  mixed  in  solu- 
tion with  green  vitriol  and  alum.  A  dirty  green  precipitate  ensues,  con- 
sisting of  black  oxide  of  iron,  protocyanide  of  iron,  and  alumina,  which  bv 
exposure  to  the  air  becomes  blue. 

This  substance  is  much  used  as  a  pigment,  but  its  color  is 
not  permanent.  Exposed  to  the  direct  light  of  the  sun,  it  even 
oecomes  white,  but  in  the  dark  the  color  is  again  restored. 
The  Prussian  blue  of  commerce  is  very  impure. 

994.  Bieulphuret  of  Cyanogen. — This  is  also  called  sulpho-cyanogen.  It 
is  prepared  by  saturating  a  concentrated  solution  of  some  metallic  sulpho- 
cyanide  with  chlorine,  or  by  heating  it  with  nitric  acid.  It  falls  in  the  form 
of  a  deep  yellow  powder.  By  the  action  of  heat  it  is  decomposed,  and  other 
important  compounds  formed  (910). 
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SFXTION  V. 
IKTCBHEDIATe  AND  NEUTRAL   PBINCIPLES 

996.  It  la  proposed  to  Introduce  in  this  section  a  hv^s- 
of  subttaiicea  which  possess  a  considerable  variety  "f 
tCT,  including  nearly  all  those  usually  plated   in  i' 
eilntded  works  in  the  two  rBinilies  afinlemiediale  Fin 
bodW.    Some  or  these  substances  act  the  part  ol  .1 
others  (hat  of  bases,  but  still  they  difier  so  widely  Ji>  1. 
their  propi'rties  from  the  bodies  described  in  the  seconii  ai 
sections  of  this  chapter,  as  not  to  be  entitled  to  a  place  amm^  I 
them.     Many  appear  lo  be  neutral  in  reality  as  ttieyai'" 
nama 

«17.  Starch  exists  abundantly  in   the  vegetable  king 
being  one  of  the  chief  ingredients  of  most  varieties  ofgraiiit  j 
some  roots,  such  as  the  potato,  and  ofllie  kernels  of  legumllHl 
plants.    It  is  easily  procured  by  letting  a   small  cunen(i 
water  lall  upon  the  dough  of  wheat  flour  inclosed  in  a  piec» 
Ifnnt,  >nd  subjecting  it  at  the  same  time  to  pressure  bdm 
the  fingers,  until  the  liquid  passes  off  quite  clear.     The  g'  ' 
Ot  th«  ftour  is  left  in  a  pure  state,  the  saccharine  and  nn 
^ous  matters  are  dissolved,  and  the  starch  is  waahedaM^ 
lMChanicttl|y>  bein^  deposited  from  the  water  on  standinf  ■ 
the  form  nf  a  white  powder.     The  starch  of  commerMl 
obtaJnett  by  an  analogous  process  from  the  grain  of  wheat  q 
front  the  potato;  but  in  the  preparation  of  wheat  starch, til 
wntcf  routaining  the  soluble  and  insoluble  parts  o£  the  eniaM 
•Dou'rd  lo  fejmcnt,  whereby  acetic  acid  is  "enerated^  wHf^ 
lUsHolves  the  glutinous  portion,  and  thus  facilitates  its  sepai 
ttOd  from  the  starch. 

99&.  Starch  is  insipid  and  inodorous,  of  a  white  color,  audi 
Inaohible  in  alcohol,  ether,  and  cold  water.   It  does  not  cryi' 
tir;  biu  it  is  commonly  found  In  the  shops  in  six-sided  eolui. 
rf  oHHUtnible  regularity,  a  form  occasioned  by  the  contn 
ttUK  whieb  II  suffers  In  drying.     Boiling  water  acts  upon 
milRT.cnRvnlingit  into  a  tenacious,  bulky  jelly,  which  is  et^ 
■AajM  tx  slifliNiing  linen.    In  a  large  quantity  of  hot  wateftl 
Ml  Mumtuil  completely,  and  is  not  deposited  on  cooling.    Tlr 
bMt  iMl  «r  sterch,  by  which  it  is  distinguished  from  all  6I(IC 
«iAMiMet««ifi  iodine.    This  principle  forms  with  starch,  wbetH 
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solid  or  in  solution,  a  blue  compound  which  is  insoluble  in  cold 
water;  with  hot  water  it  forms  a  colorless  solution,  which  depo- 
sites  the  blue  compound  as  it  cools;  but  when  boiled  with 
water,  iodine  acts  upon  the  elements  of  the  starch,  hydriodic 
acid  is  formed,  and  then  on  cooling  the  blue  iodide  of  starch  is 
not  reproduced. 

999.  If  starch  is  heated  quite  hot  for  some  time,  it  is  converted  into  a 
peculiar  substance  which  is  very  soluble  in  cold  water  called  British  gum, 

1000.  There  are  several  substances  known  in  commerce,  which  are 
merely  varieties  of  starch.  The  Indian  arrow-root^  which  is  prepared  from 
the  root  of  the  maranta  arundinacea^  has  all  the  characters  of  pure  starch. 
SagOt  obtained  from  the  cellular  substance  of  an  East  India  palm-tree  {sagua 
farinifera\  and  tapioca  and  cassava  from  the  root  of  the  iatropha  manikotf 
are  chemically  the  same  substance.  They  both  exist  in  the  plants  from 
which  they  are  extracted  in  the  form  of  starch.  Salep^  which  is  obtained 
from  the  orchis  mascula,  consists  almost  entirely  of  the  substance  called 
hassorin^  togetlier  with  a  small  quantity  of  gum  and  starch.  The  composi- 
tion of  starch  is  CjoHioOio* 

GUM. 

1001.  This  name  is  generally  applied  to  those  vegetable  sub- 
stances which  are  more  or  less  soluble  in  water,  but  are  inso- 
luble in  alcohol,  and  which,  when  boiled  with  about  four  times 
their  weight  of  nitric  acid,  yield  mucic  acid. 

The  properties  of  gum  are  best  studied  in  pure  specimens  of 
gum-arabic,  of  which  it  is  the  principal  ingredient.  It  is  color- 
less, transparent,  inodorous,  and  insipid,  and  when  dry  it  is 
very  brittle,  and  has  a  vitreous  fracture.  When  put  into  water, 
either  hot  or  cold,  it  softens,  and  then  dissolves,  constituting 
mucilage.   Its  solubility  is  increased  both  by  acids  and  alkalies. 

The  aqueous  solution  of  gum  may  be  preserved  a  considera- 
ble time  without  alteration ;  but  at  length  it  becomes  sour,  and 
exhales  an  odor  of  acetic  acid,  a  change  which  takes  place 
without  exposure  to  the  air,  and  must,  therefore,  be  owing  to 
a  new  arrangement  of  its  own  elements. 

1002   The  following  are  some  of  the  most  important  gums: 

Gum- Arabic, — This  substance  is  the  concrete  juice  of  several 
species  of  the  mmosa^  or  acacia,  natives  of  Africa  and  Arabia. 
It  occurs  in  small,  rounded,  transparent,  friable  grains,  which 
are  sometimes  colorless,  and  at  others,  yellow,  red,  or  brown. 
Its  density  is  1.355. 

Gum-Senegal,  the  juice  of  the  acacia  senegalensis,  contains 
exactly  the  same  principles  as  gum-arabic.  The  mucilage  of 
linseed,  and  probably  of  most  of  the  mucilaginous  seeds  and 
plants,  possesses  the  essential  characters  of  gum-arabic. 

Gum^  Tragacanth,  the  juice  of  the  astragalus  gummifer,  dif- 
fers essentially  from  the  pure  gums. 

The  gum  which  issues  from  several  trees  of  the  genus  pru^ 
nus,  as  from  the  peach,  plum,  apricot,  and  cherry-tree  (p.  cera^ 
susjf  is  found  to  be  identical  in  composition  with  gum-arabia 
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It  differs,  however,  in  being  insoluble  in  cold  water;  but  wnen 
boiled  in  that  liquid  it  is  dissolved,  and  the  solution  has  all  the 
characters  of  pure  mucilage. 

The  composition  of  the  different  varieties  of  gum  is  believed 
to  be  C,mHiiOii. 

SUGAR. 

1003.  There  are  several  varieties  of  sugar,  the  chief  of  which 
are  common  or  cane  sugar,  and  grape  sugar.  Other  sugars 
are  the  sugar  of  milk,  mushroom  sugar,  &c.  The  composition 
of  the  first  two  will  be  seen  from  the  following  table : 

Names.  Equiv,  Symbols. 

Cane  sugar 154.44 CisHgOg 

Grape  sugar 172.44 CigH,  ,Oi| 

1004.  Cane  Sugar. — Common  or  cane  sugar  is  obtained  in 
this  country  in  large  quantities  from  the  sap  of  the  acer  sac- 
charinum  or  sugar  maple.  In  France  and  Germany,  and  to  some 
extent  in  this  country,  it  is  also  manufactured  from  the  beet 
root,  which  contains  it  in  considerable  quantity.  But  most  of 
the  sugar  at  present  used  in  Europe  and  America  is  obtained 
from  the  sugar-cane  {Arundo  saccharifera),  which  contains  it 
in  a  greater  quantity  than  any  other  plant.  The  process,  as 
practised  in  the  West  India  Islands,  consists  in  evaporating  the 
juice  of  tiie  ripe  cane  by  a  moderate  and  cautious  ebullition, 
until  it  has  attained  a  proper  degree  of  consistence  for  crystal- 
izing.  During  this  operation  lime-water  is  added,  partly  for 
the  purpose  of  neutralizing  free  acid,  and  partly  to  facilitate  the 
separation  of  extractive  and  other  vegetable  matters,  which 
unite  with  the  lime  and  rise  as  a  scum  to  the  surface.  When 
the  syrup  is  sufficiently  concentrated,  it  is  drawn  off  into  shal- 
low wooden  coolers,  where  it  becomes  a  soft  solid  composed 
of  loose  crystaline  grains.  It  is  then  put  into  barrels  with  holes 
in  the  bottom,  through  which  a  black  ropy  juice,  called  molas- 
ses or  treacle,  gradually  drops,  leaving  the  crystalized  sugar 
comparatively  white  and  dry.  In  this  state  it  constitutes  raw 
or  muscovado  sugar. 

1005.  Raw  sugar  is  further  purified  by  boiling  a  solution  of 
it  with  white  of  eggs,  or  the  serum  of  bullock's  blood,  lime- 
water  being  generally  employed  at  the  same  time.  When  pro- 
perly concentrated,  the  clarified  juice  is  received  in  conical 
earthen  vessels,  the  apex  of  which  is  undermost,  in  order  that 
the  fluid  parts  may  collect  there,  and  be  afterwards  drawn  off 
by  the  removal  of  a  plug.  In  this  state  it  is  loaf  or  refined 
sugar.  In  the  process  of  refining  sugar,  it  is  important  to  con- 
centrate the  syrup  at  a  low  temperature;  and  on  this  account 
a  very  great  improvement  was  introduced  some  years  ago  by 
conducting  the  evaporation  in  vacuo. 

1006.  Pure  sugar  is  solid,  white,  inodorous,  and  of  a  very 
agreeable  taste.    It  is  hard  and  brittle,  and  when  two  pieces 
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are  rubbed  against  each  other  in  the  dark,  phosphorescence  is 
observed.  It  crystalizes  in  the  form  of  four  or  six-sided  prisms, 
beveled  at  the  extremities.  The  crystals  are  best  made  by 
fixing  threads  in  syrup,  which  is  allowed  to  evaporate  sponta- 
neously in  a  warm  room ;  and  the  crystalization  is  promoted 
by  adding  spirit  of  wine. 

^  Sugar  undergoes  no  change  on  exposure  to  the  air ;  for  the 
deliquescent  property  of  raw  sugar  is  owing  to  impurities.  It 
is  soluble  in  one-third  of  its  weight  of  cold,  and  to  almost  any 
extent  in  hot  water.  It  is  soluble  in  about  four  times  its  weight 
of  boiling  alcohol,  and  the  saturated  solution,  by  cooling  and 
spontaneous  evaporation,  deposites  large  crystals.  When  the 
aqueous  solution  of  sugar  is  mixed  with  yeast,  it  undergoes 
the  vinous  fermentation,  the  theory  of  which  will  be  explained 
hereafter. 

Sugar  unites  with  the  alkalies  and  alkaline  earths,  forming  compounds  in 
which  the  taste  of  the  sugar  is  greatly  injured ;  but  it  may  be  obtained  again 
unchanged  by  neutralizing  with  sulphuric  acid,  and  dissolving  the  sugar  in 
alcohol. 

When  sugar  is  heated  to  400^  or  430°,  it  gives  up  a  portion  of  vtwter,  and 
is  converted  into  a  substance  called  caramel.  If  a  strong  solution  is  kept 
several  days  near  its  boiling  point,  it  is  gradually  changed  into  uncrystal- 
izable  sugar. 

1007.  Grape  Suffar, — This  sugar  much  resembles  the  pre- 
ceding, and  is  more  generally  diffused  in  nature.  It  gives  to 
most  fruits  their  sweet  taste,  and  forms  the  solid  part  of  honey. 
It  is  most  easily  procured  from  the  grape,  from  which  circum- 
stance ft  receives  its  name.  Dumas  proposes  to  call  it  Glucose, 

This  substance  is  sometimes  produced  in  the  animal  system, 
and  is  found  in  their  urine  in  certain  forms  of  disease,  as  in 
diabetes ;  and  may  be  prepared  from  a  variety  of  substances, 
as  starch,  gum,  cane  sugar,  woody  fibre,  &c. 

1008.  To  prepare  grape  sugar  from  starch,  1  part  of  potato  starch,  4  parts 
of  water,  and  ^  of  sulphuric  acid  are  to  be  boiled  for  36  or  40  hours,  the 
water  that  evaporates  being  replaced.  The  acid  is  then  to  be  removed  by 
chalk,  and  the  solution  evaporated  until  the  syrup  has  obtained  a  sufficient 
consistence  to  crystalize  on  cooling. 

The  same  effect  is  produced  upon  starch  by  mixing  with  it  an  infusion 
of  malt,  and  allowing  it  to  stand  in  the  air  a  few  hours.  A  substance  called 
dextrine  is  first  formed,  which  passes  into  grape  sugar.  This  change  is 
produced  by  the  catalytic  influence  of  a  principle  called  diastase^  which 
exists  in  malt 

1009.  To  convert  woody  fibre  into  grape  sugar,  small  pieces  of  paper  or 
linen  are  gradually  to  be  moistened  with  their  own  weight  of  sulphuric 
acid,  and  allowed  to  stand  24  hours.  The  mass  is  then  to  be  diluted  with 
water  and  boiled  for  some  10  hours;  and  the  acid  being  then  removed  by 
chalk,  and  the  solution  evaporated,  the  sugar  crystalizes. 

Grape  sugar  is  less  soluble  m  water  than  cane  sugar,  but  is  sweeter  to 
the  taste.    Its  specific  gravity  is  1.38.    It  is  capable,  like  cane  sugar,  of 
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unitinGT  with  the  earths  and  some  metallic  oxides^  but  the  compoonds  are 
ditViTt'itt 

lUlO.  The  action  of  the  sulphuric  acid  in  the  above  processes  for  pre* 
paring  thib  sugar,  seems  to  be  merely  to  cause  tlie  absorption  bj  the  starch, 
or  woody  fibre,  of  oxygen  and  hydrogen,  in  the  ratio  in  which  they  unite  to 
form  water.  The  coni])08ition  of  starch  is  CisHioO|o,  and  that  of  woody 
fibre  Ci  Mll^Oy  ;  tlic  former  is  therefore  converted  into  grape  sugar  by  the 
absorption  of  a  ^in^Ie  eq.  and  the  latter  3  eq.  of  water.  The  quantity  of 
sugar  produced  is  always  greater  than  that  of  the  starch  or  woody  fibre 
emftlnyed.     From  100  parts  of  linen  rags  114  of  sugar  have  been  formed. 

1011.  Siifrar  of  Milk  (Co4HiyOu,)  is  obtained  by  the  evaporation  of 
whey,  purifying  with  unimul  charcoal,  and  crystulizing. 

lOrJ.  Mmnia. — This  substapce  is  the  concrete  juice  of  several  species  of 
tlio  ash,  particularly  the  Fraxinus  ornua.  It  is  indebted  for  its  sweetness 
to  a  distinct  principle  called  mannite  (CnH70«).  Mannite  is  also  found  in 
other  substances.  The  sugar  contained  in  juice  of  the  beet  is  rapidly  con- 
verted  into  mannite,  if  it  is  allowed  to  stand  but  a  short  time  in  the  palp 
aller  grinding  the  beet. 

ALCOHOL. 

1013.  Alcohol  is  the  intoxicating  ingredient  of  every  variety 
of  spiritous  and  vinous  liquors.  It  does  not  exist  ready  formed 
in  plants,  but  is  produced  from  vegetable  substances  during  the  . 
vinous  fermentation,  the  theory  of  which  will  be  hereafter  I 
explained.  It  is  sometimes  called  spirits  of  wine.  Its  compo- 
sition is  C4H6O2,  and  it  may  be  considered,  as  will  hereatter 
appear,  as  a  hydrate  of  oxideof  ethule. 

1014.  It  may  readily  be  procured  by  distilling  any  ardent 
spirit,  as  whiskey,  or  brandy.  Common  alcohol,  or  rectified 
spirits  of  wine,  usually  contains  from  65  to  70  per  cent,  of  pure  j 
alcohol,  the  rest  being  water :  it  has  a  specific  gravity  of  0.88  I 
or  0.90.  The  most  highly  rectified  alcohol,  which  contauis  ? 
about  90  per  cent,  of  alcohol,  has  a  specific  gravity  of  0.84.  To  * 
separate  the  remaining  water,  powdered  carbonate  of  potassa^ 
previously  heated  to  expel  any  water  it  may  contain,  is  intro- 
duced, which  is  very  soluble  in  water,  but  not  in  alcohol;  the 
heavy  solution  of  carbonate  of  potassa  in  water  sinks  to  the 
bottom,  while  the  lighter  alcohol  remains  at  top,  and  may  be 
decanted.  The  same  effect  is  produced  by  pouring  common 
alcohol  into  bladders,  and  hanging  them  several  days  in  the 
air.  The  water  exudes  through  the  membrane  and  evaporates, 
while  the  alcohol  is  retained.  By  either  of  these  processes  it 
may  be  brought  to  98  per  cent.  Absolute  alcohol  is  obtained 
by  distilling  it  from  chloride  of  calcium. 

1015.  Pure,  anhydrous,  or  absolute  alcohol,  has  a  specific 
gravity  of  0.79,  and  boils  at  172°,  but  has  not  been  frozen  by 
any  cold  yet  produced. 

Alcohol  is  highly  inflammable,  and  burns  with  a  lambent  yel» 
lowish-blue  flame.  Its  color  varies  considerably  with  the 
strength  of  the  alcohol,  the  blue  tint  predominating  when  it  is 
strong,  and  the  yellow  when  it  is  diluted.    Its  combustion  is 
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not  attended  with  the  least  degree  of  smoke,  and  the  sole  pro- 
ducts are  water  and  carbonic  acid. 

Alcohol  unites  with  water  in  every  proportion.  The  act  of 
combining  is  usually  attended  with  diminution  of  volume,  so 
that  a  mixture  of  60  measures  of  alcohol  and  50  of  water 
occupies  less  than  100  measures.  Owing  to  this  circumstance, 
the  action  is  accompanied  with  increase  of  temperature.  Since 
the  density  of  the  mixture  increases  as  the  water  predominates, 
the  strength  of  the  spirit  may  be  estimated  by  its  specific  gra- 
vity. Equal  weights  of  absolute  alcohol  and  water  constitute 
f  roof  spirit,  the  density  of  which  is  0.92. 

1016.  Of  the  salifiable  bases  alcohol  can  alono  dissolve  potassa,  soda, 
lithia,  ammonia,  and  the  ?egetable  alkalies.  None  of  the  eartlis  or  other 
metallic  oxides  are  dissolved  by  it  Most  of  the  acids  attack  it  by  the  aid 
of  heat,  giving  rise  to  a  class  of  bodies  to  which  the  name  o^  ether  is  applied. 
Ail  the  salts  which  are  either  insoluble,  or  sparingly  soluble  in  water,  are 
insoluble  in  alcohol  The  efflorescent  salts  are,  likewise,  for  the  most  part, 
insoluble  in  this  menstruum  ;  but,  on  the  contrary,  it  is  capable  of  dissolv- 
ing nearly  all  the  deliquescent  salts,  except  carbonate  of  potassa.  Many  of 
the  vegetable  principles,  such  as  sugar,  manna,  camphor,  resins,  balsams, 
«nd  the  essential  oils,  are  soluble  in  alcohoL 

The  solubility  of  certain  substances  in  alcohol  appears  owing  to  the 
formation  of  definite  compounds,  which  are  soluble  in  that  liquid.  This 
has  been  proved  of  the  chlorides  of  calcium,  manganese,  and  zinc,  and  of 
the  nitrates  of  lime  and  magnesia.  It  appears  that  all  these  bodies  unite 
with  alcohol  in  definite  proportion,  and  yield  crystaline  compounds,  which 
are  deliquescent  and  soluble  both  in  water  and  alcohol.  From  their  analogy 
to  hydrates,  they  have  been  called  aleoates, 

1017.  Alcohol  exists  ready  formed  in  spirituous  liquors,  and 
may  be  separated  by  distilling  them.  According  to  many 
accurate  experiments,  brandy,  rum,  gin,  and  whiskey,  contain 
from  51  to  54  per  cent,  of  alcohol,  of  specific  gravity  0.825. 
The  stronger  wines,  such  as  Lissa,  Raisin  wine,  Marsala,  Port, 
Madeira,  Sherry,  Teneriffe,  Malaga,  and  Vidonia,  contain  from 
18  or  19  to  25  per  cent,  of  alcohol.  In  Claret,  Burgundy,  Hock, 
Champagne,  Hermitage,  and  Gooseberry  wine,  the  quantity  is 
from  12  to  17  per  cent.  In  cider,  perry,  ale,  and  porter,  the 
quantity  varies  from  4  to  near  10  per  cent. 

1018.  Alcohol,  in  some  of  its  forms,  is  extensively  used  in  the 
arts  and  in  medicine,  chiefly  in  consequence  of  its  powerful 
solvent  properties.  Taken  internally,  it  operates,  as  is  well 
known,  as  a  powerful  stimulant;  and  various  alarming  diseases, 
often  terminating  in  extreme  moral  degradation  and  death, 
attend  its  habitual  use. 

SPONTANEOUS  CHANGES  OP  VEGETABLE  MATTER — FERMENTATION. 

1019.  Organic  substances,  as  we  have  already  seen  (898), 
usually  have  a  strong  tendency  to  spontaneous  change,  or 

gutrefection ;  that  is,  they  tend  to  undergo  a  metamorphosis, 
y  which  the  elements  of  a  complex  molecule  group  them- 
33 
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selves,  so  as  to  form  more  intimate  and  more  stable  compounds, 
according  to  the  special  attractions  of  their  elements,  uncon- 
trolled by  tlie  principle  of  life.  In  vegetable  substances  not 
containing  nitrogen,  this  spontaneous  change  is  termed  fermen- 
tation.  it  exhil)its  in  its  progress  three  steps  or  stages,  at  the 
close  of  which  definite  compounds  are  formed ;  and  from  this 
circumstance,  they  are  sometimes  called  the  saccharine,  the 
vinous  or  alcoholic^  and  the  acetic  fermentations. 

10*20.  Saccharine  Fermentation, — The  only  substance  known 
to  be  subject  to  the  saccharine  fermentation  is  starch,  though 
other  substances,  as  we  have  seen  (1008),  may,  by  proper  means, 
be  converted  into  sugar.  This  kind  of  fermentation  is  well 
exemplified  in  the  germination  of  seeds,  as  is  seen  in  the  malt- 
ing of  barley. 

1021.  This  operation  of  malting  consists  in  exposing  grain 
(usually  barley,)  to  the  proper  degree  of  heat  and  moisture, 
with  the  free  accession  of  atmospheric  air  to  produce  incipient 
germination,  and  then  suddenly  checking  it  by  elevating  the 
temperature. 

In  this  process,  the  grain  pasaei  through  four  distinct  stages,  called  steep- 
ingf  couching^  floorings  and  kiln-drying.   In  the  first,  it  is  steeped  in  water 
for  about  two  days,  when  it  absorbs  moistare,  softens,  and  swells  ocmsider- 
ably.     It  is  then  removed  to  the  couch-frame^  where  it  is  laid  in  heaps  30 
inclics  in  depth,  for  from  26  to  30  hours.      In  this  sitaation  the  grain 
becomes  warm,  and  acquires  a  disposition  to  germinate ;  but  as  the  tempe*     J 
raturc,  in  such  large  heaps,  would  rise  very  unequally,  and  germination    / 
consequently  be  rapid  in  some  portions  and  slow  in  others,  the  process  of 
flooring  is  employed.     This  consists  in  laying  the  grain  in  strata  a  few    i 
mciics  thick  on  large  airy  but  shaded  floors,  where  it  remains  for  about  12   | 
or  14  days,  until  germination  has  advanced  to  the  extent  desired  by  the   i 
mulstcr.     During  this  interval  the  grain  is  frequently  turned,  in  order  that   | 
tlie  tonipcrnture  of  the  whole  mass  should  be  uniform,  that  each  grain 
should  be  duly  exposed  to  the  air,  and  that  the  radicles  of  contiguous  grains 
should  not  become  entangled  with  each  other.     As  soon  as  saccharine  mat- 
ter is  freely  developed,  germination  must  be  arrested;  since,  otherwise, 
being  taken  up  as  nutriment  by  the  young  plant,  it  would  speedily  disap- 
pear.     Accordingly,  the  grain  is  removed  to  the  kiln,  where  it  is  exposed 
to  a  temperature  gradually  rising  from  100°  to  160°,  or  rather  higher;  the 
object  being,  first,  to  dry  tlie  grain  completely,  and  then  to  provide  against 
any  recurrence  of  germination  by  destroying  the  vitality  of  the  plant    The 
most  convenient  mode  of  applying  the  heat  is  to  place  the  grain  on  a  metal* 
lie  net-work,  through  whicii  passes  hot  air  issuing  from  a  fire. 

The  product  thus  formed  is  called  mall. 

The  ripening  of  fruit  has  also  been  regarded  as  an  example 
of  the  saccharine  fermentation,  especially  since  many  fruits,  of 
which  the  pear  and  apple  are  examples,  if  gathered  before  their 
maturity,  ripen  by  keeping;  and  by  experiments  upon  other 
kinds  of  fruit,  it  has  been  found  that,  during  the  process  of 
ripeninjr,  a  large  quantity  of  free  acid  contained  in  the  green 
gradually  disappears,  and  its  place  is  occupied  by  sugar  in  the 
ripe  fruit 
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The  sugar  produced  in  this  manner  is  always  the  variety 
sailed  grape  sugar. 

1022.  Vinous  Fermentation.  —  Sugar  is  the  only  substance 
capable  of  undergoing  the  vinous  fermentation,  and  the  pro- 
ducts of  it  are  always  alcohol  and  carbonic  acid.  The  condi 
fcions  required  to  produce  this  change  in  sugar  are  the  presence 
with  it  of  water,  a  certain  temperature,  and  yeast,  or  some 
ferment. 

1023.  The  best  method  of  studyingr  the  process,  so  as  to  observe  the  phe- 
■omena  and  determine  the  nature  of  the  change,  is  to  place  1  part  of  sugar 
wiUi  about  5  parts  of  water  in  a  glass  flask  furnished  with  a  bent  tube, 
the  extremity  of  which  opens  under  an  inverted  jar  full  of  water  or  mer- 
cury, as  in  fig.  88;  and  after  add- 
ing a  little  yeast,  to  expose  the 
mixture  to  a  temperature  of  about 
70°.  In  a  short  time  bubbles  of 
gas  begin  to  collect  in  the  vicinity 
of  the  yeast,  a«d  the  liquid  is 
Boon  put  into  brisk  motion,  in  con> 
sequence  of  the  formation  and  dis- 
engagement  of  a  large  quantity  of 
gaseous  matter;  the  solution  be- 
comes turbid,  its  temperature  rises, 
and  froth  collects  upon  its  surface. 

After  continuing  for  a  few  days,  the  evolution  of  gas  begins  to  abate,  and 
at  length  ceases  altogether ;  the  impurities  gradually  subside,  and  leave  the 
liquor  clear  and  transparent. 

The  only  appreciable  changes  which  are  found  to  have  occurred  during 
the  process  are  the  disappearance  of  the  sugar  and  a  little  water,  and  the 
formation  of  alcohol,  which  remains  in  the  flask,  and  of  carbonic  acid  gas, 
which  is  collected  in  the  pneumatic  apparatus.  The  theory  of  the  process 
is  founded  on  the  fact  that  the  sugar,  which  disappears,  is  very  nearly  equal 
to  the  united  weights  of  the  alcohol  and  carbonic  acid ;  and  hence  the  for- 
mer,  with  the  addition  of  a  little  water,  is  resolved  into  the  two  latter. 
Grape  sugar,  indeed,  into  which  some  suppose  cane  sugar  is  always 
converted  before  undergoing  fermentation,  does  not  require  the  addition  of 
water,  as  the  particles  are  in  the  proper  ratio  to  form  2  atoms  of  alcohol  and 
4  of  carbonic  acid,  for  each  atom  of  the  sugar. 

Though  yeast,  or  some  artificial  ferment,  is  absolutely  neces- 
sary to  cause  fermentation  to  commence  in  the  solution  of 
sugar,  this  is  not  required  in  the  saccharine  juices  of  plants,  as 
those  of  the  apple  and  the  grape,  which  appear  to  contain  the 
necessary  principle  within  themselves. 

1024.  Though  we  have,  thus  far,  spoken  only  of  sugar  and 
the  juices  of  fruits  as  undergoing  the  vinous  fermentation,  yet  it 
is  well  known  that  the  various  kinds  of  grain  and  other  vegeta- 
ble substances  are  susceptible  of  the  same  change.  In  this 
country,  alcohol,  and  the  various  stimulating  drinks  that  con  • 
tain  it,  are  manufactured  from  potatoes  and  grain. 

It  admits  of  doubt,  however,  whether  any  substance  be^' 
BUgar  is  capable  of  undergoing  the  vinous  fermentation. 
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with  difficulty  effected.  It  is  the  uniform  result,  if  the  ferment- 
ing liquid  be  exposed  to  a  warm  temperature  and  to  the  open 
air;  and  the  mearis  by  which  it  is  avoided  is  by  excluding 
the  atmosphere,  or  by  exposure  to  cold. 

Certain  method^  of  producing  this  fermentation,  as  well  as  the  most  im- 
portant phenomena  attending  it,  have  already  been  explained,  (1)26). 

The  spontaneous  change  that  takes  place  in  the  juice  of  the  beet  when 
allowed  to  stand  in  the  piiUp,  (1013),  and  in  other  subtitances,  is  sometimes 
called  the  viscous  fermentation. 

1028.  The  piUrefaction  of  a  substance,  or  its  putrrfactive 
fermentation,  as  it  is  sometimes  termed,  results  in  its  complete 
destruction.  It  takes  place  more  or  less  readily  in  all  organic 
bodies  which  are  constantly  exposed  to  the  action  of  air  and 
moisture,  at  a  temperature  of  from  50^  to  lOCP. 

THE    ET  HERS. 

1029.  This  is  the  name  applied  to  a  numerous  class  of  com- 
pounds, formed  by  distilling  a  mixture  of  alcohol  with  the 
different  acids,  and  by  other  means.  Usually,  an  ether  is 
designated  by  the  acid  employed  to  form  it ;  thus  we  have  the 
sulphuric,  nitric,  oxalic,  &c.,  ethers. 

1030.  The  following  are  some  of  the  most  important  of  this  class  of 
bodies: 

Names.  Equiv.  Symbols. 

Sulphuric  ether.  •••......  .37.48*  * »...  .C4H5O 

Hydrochloric  ether 64.90 G4  H5CI 

Hyponitrus  ether 75.63 €41150,^03 

Oxalic  ether 73.72 C4H50,Co03 

AceUc  ether 88.96 C4ll50,C4H303 

1031.  Sulphuric  Ether. — Sulphuric  ether,  mixed  perhaps 
with  a  little  alcohol,  has  been  known  for  several  centuries.  It 
is  prepared  by  distilling  a  mixture  of  alcohol  and  sulphuric 
acid,  or  by  distilling  alcohol  with  chloride  of  zinc,  and  by  other 
means.    The  first  method  is  always  adopted  in  practice. 

Equal  parts  of  alcohol  and  sulphuric  acid,  being  well  mixed,  care  being 
taken  to  avoid  any  considerable  rise  of  temperature,  are  to  be  introduced  into 
a  ^lass  or  copper  vessel,  to  which  heat  may  be  applied  by  n  sand-bath,  as  is 
represented  in  Fig.  90,  or  by  other  means.  To  condense  the  vapor  of  ether 
as  it  forms,  the  apparatus  represented  in  the  figure  answers  well,  especially 
when  a  considerable  quantity  is  to  be  formed ;  but  for  small  operations,  other 
more  simple  contrivances  will  secure  the  object  perfectly.  In  this  appara- 
tus the  condenser  dd  is  a  large  glass  tube,  connected  at  one  extremity  with 
the  vessel  containing  the  mixture,  and  at  the  other  with  the  receiver  f,  by 
means  of  small  glass  tubes  bent  in  the  proper  manner.  It  is  also  inclosed 
in  a  tin  case^  a,  made  water-tight  at  both  ends  by  perforated  corks,  to  re- 
ceive a  constant  stream  of  cold  water  into  the  funnel  c,  from  the  vessel  i. 
The  water  as  it  becomes  heated,  escapes  through  the  tube  h  into  the  vessel 
h.     The  supply  of  water  is  easily  regulated,  so  as  to  be  just  sufficient  to 

condense  all  the  ethereal  vapor  as  it  passes  into  the  receiver.     When  the 
33*  r-  »• 


action  hi9  conllnued  ioiiig  lime,  n  nev  snpplf  of  Blcobol  may  be  iDin> 
duced,  1  little  at  a  time,  through  the  crooked  iuonel. 

1039.  Sulphuric  ether  obtaiued  in  thii  nignner  ii  not  peifectlj  pure,  bat 
contain!  a  little  alcohol  and  sulphuroua  acid,  from  which  it  maj  be  irefld 
bj  miiing  it  with  caustic  palaaen,  and  distilling,  and  aubeequently  washiDg 
it  with  water,  to  remove  the  alcohol. 

1033.  Ab  alcohol  [C,H  O3)  may  be  considered  as  ■  hydrate  of  ether 
(CtHjO),  it  ia  evident  that  Iha  only  effect  the  acid  has  produced  npim  the 
alcohol,  baa  been  lo  deprive  il  of  its  water;  but  though  this  is  the  ultimata 
reeult,  varioua  other  impnrlanl  chemical  changea  have  been  produced. 
When  the  acid  and  alcohol  are  first  mixed,  sulphate  of  ether  (80,4-C,M, 
O)  (918)  is  tbimod,  which  consiala  of  an  atom  of  anhydrous  sulphuric  acid, 
and  an  atom  of  ether,  the  water  both  of  the  alcohol  and  acid  being  set  free ; 
and  this,  combining  with  another  atom  of  the  hydrous  aulphnric  acid,  pro. 
duces  bisulphate  of  ether,  the  compound  eulphD-vinie  or  altbionic  acid, 
(280a)  +C,HiO+HO.  On  the  application  of  heat,  the  ether  ia  eipellcd, 
and  the  sulphuric  acid  and  water  combine.  Phosphoric  and  arsenic  acids, 
produce  upon  alcohol  under  similar  circumstances  the  same  effect,  aa  do 
■taootheracida  capable  of  forming  with  ether  compound  acida.  (9180 

1034.  Pure  ether  is  a  colorless  limpid  liquid,  of  a  hot  pungent 
taste,  and  fragrant  odor.  Its  sp,  gr.  is  0.72  at  60°,  and  under 
the  atmospheric  preasufe,  it  boils  at  96°  or  98°,  and  at — 40°  in 
a  vacuum.  Its  evsporalion,  from  the  rapidity  with  which  it 
occurs,  occasions  intense  cold.    At  — 46°  il  freezes. 

It  dissolves  in  ten  times  its  weight  of  water,  but  is  miscible 
with  alcohol  and  the  volatile  oils  in  all  proportions. 

Ether  is  highly  infiammable,  burning  with  a  yellow  ilame, 
and  formation  of  water  and  carbonic  acid.  With  oxygen  gas 
'ta  vapor  forms  a  mixture  which  explodes  violently  on  the  ap- 
Droach  of  flame,  or  by  the  electric  spark. 
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1035.  When  a  coil  of  idatinmn  wire  is  heated  to  redness, 
and  then  soqiended  above  the  sur&ce  of  ether  contained  in  an 
open  vessel,  the  wire  instantly  begins  to  glow,  and  continues 
in  that  state  until  aU  the  ether  is  consumed.  During  this  hIow 
-combustion,  pungent  acrid  fumes  are  emitted,  which,  if  received 
in  a  separate  vessel,  condense  into  a  colorless  liquid  |)osses.so(l 
of  acid  properties. 

If  ether  is  exposed  to  light  in  a  vessel  partially  filled,  and 
i which  is  firequently  opened,  it  gradually  absorbs  oxygen,  and 
a  portion  of  acetic  acid  is  generated. 

The  solvent  properties  of  ether  are  less  extensive  than  those 
d" alcohol.  It  dissolves  the  essential  oils,  resins,  and  most  of 
fte  &tty  principles.  Some  of  the  vegetable  alkalies  are  soluble 
in  it,  and  it  dissolves  ammonia ;  but  it  does  not  act  on  the  ilxcd 
alkalies. 

Ether  combines  with  nearly  all  the  acids,  forming  well- 
defined  neutral  salts,  the  compound  ethers,  as  thoy  are  some- 
times called.   The  hyponitrous,  oxalic,  &c.  ethers,  are  examples. 

1036.  Hydrochloric  Ether, — This  substance  may  be  prepared 
by  distilling  alcohol  previously  saturated  with  hydrocliloric 
acid  gas,  and  by  other  processes.  The  products  are  transmit- 
ted through  tepid  water,  by  which  free  alcohol  and  acid  are 
absorbed,  and  the  pure  hydrochloric  ether  is  then  received  in 
a  vessel  surrounded  by  ice  or  a  freezing  mixture. 

Hydrochloric  ether  is  a  colorless  liquid  of  a  j>enetrating  garlic 
odor,  and  a  strong  rather  sweet  taste.  Its  sp.  gr.  at  41°  is  0.87, 
and  it  is  so  volatile  that  it  boils  at  about  *yV\  It  is  neutral  to 
test  paper.  When  inflamed,  as  it  issues  from  a  small  ap(T- 
tare,  it  burns  with  an  emerald-green  llaine  without  smoke, 
yielding' abundant  vapors  of  hydrochloric  acid. 

Its  composition,  it  will  be  recollected,  is  C  JI^Cl. 

Other  compounds  of  chlorine  and  ether  are  formed  by  pasHingr  a  current 
of  chlwine  through  alcohol,  or  by  distilling  mixtures  of  alcohol  with  com- 
mon bleaching-salt,  or  other  chloride.     Their  composition  is  not  tiie  same. 

1037.  Hyponitrous  Ether, — This  is  often  called  iiitric  and 
nitrous  ether;  but  the  propriety  of  the  term  we  use  will  be  seen 
as  we  advance. 

This  ether  is  formed  by  distilling  a  mixture  of  strong  nitric 
acid  and  alcohol ;  but  from  the  violence  of  the  reaction  which 
takes  place,  much  caution  is  necessary  in  the  experimenter. 

1038.  Figure  91,  from  Hare's  ** Compendium,"  represents  a  good  appa- 
ratus for  this  purpose.  A  common  threc-ncckcd  bottle  is  used  to  receive 
the  acid  and  alcohol  in  small  quantities  at  a  time.  In  two  of  the  tubulurcs 
are  inserted  glass  tubes,  a  little  enlarged  at  the  top,  which  passing  through 
perforated  corks,  terminate  in  capillar  orifices  near  the  bottom.  By  these 
the  acid  and  alcohol  are  supplied  as  they  ore  needed.  From  the  central 
tabulure  a  bent  tube,  A,  passes,  and  connects  with  a  condenser  surrounded 
by  a  freezing  mixture  in  a  receiver  C,  and  a  bottle  BB  to  collect  the  ether 
B8  it  forms.    The  bottle  must  also  be  surrounded  by  a  freezing  mixture. 


Tho  npparatua  being  in  order,  i  Iiltle  acid  snd  alcohol  lira  introdltu^ 
violciit  iclian  bI  once  cocnmeooea,  whicli  ia  regDlalcil  by  a  supplf  of  Iba  I 
acid  or  sicolial  hb  occaeion  requires,  and  [he  ether  colldcta  in  tfae  bottle  I 
provided  Tor  tlio  purpose.     Il  luay  I>e  purified  fram  alcohol   by  mcina  of 
water,  and  rrom  woler  by  ciiluridc  of  colcinm.  ' 

1039.  Hyponitrous  ether  when  pure  is  of  a  pale  yellow  color 
and  pungent  odor,  resembling  that  of  apples.  Its  specilic  gra- 
vity Is  about  0.95,  and  it  boils  at  about  G 1°  or  62'.  Jts  compo- 
sition is  CHjO+NOa  (918) ;  that  is,  it  is  a  cotnpound  of  ether  ! 
and  hyponitrous  acid.  It  is  very  liable  to  spontaneous  decom- 
position when  pure,  but  diluted  with  some  six  or  eight  times  its 
weight  of  alcohol  it  is  more  permanent,  and  is  much  used  in 
medicine,  under  the  name  of  sureei  spirits  of  nitre. 

1040.  Oxalic  EthtT.~-To  propare  oxalic  ether,  one  piirt  of  alcohol,  Wa 
parts  orbinoxalate  of  potnaaa,  and  two  parts  of  sulphuric  acid,  are  diaU'lkd 
wilh  a  qoitk  fire;  The  product  is  then  to  be  di^lilled  from  litharge  (a 
BcparalG  it  from  impuriliw.     It  is  an  oxalate  of  ether.  CiHsO+CjO;. 

Oxalic  ether  is  a  oiliirli^a  liquid  of  an  oily  nspccl,  of  an  eromatie  ixlor, 
and  a  sp.  gr.  of  1.09  at  45°.     II  boils  at  3T0'^     It  la  neutml  to  test  pspot 
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\9he11  pure,  is  sparingly  soluble  in  water,  and  dbsokes  in  every  proportion 
in  alcc^ol. 

1041.  Acetic  Ether. — Acetic  ether  is  formed  when  16  parts  of  dry  sugar 
of  lead,  4^  of  alcohol,  and  6  of  sulphuric  acid,  are  distilled  together.  The 
product  is  purified  in  the  usual  manner. 

It  is  a  colorless  inflammable  liquid,  of  sp.  gr.  0.89,  and  boils  at  165^.  It 
is  an  acetate  of  ether,  C4H5O-I-C4H3O3. 

1042.  Besides  the  above,  there  are  numerous  other  similar  compounds, 
which  are  properly  called  ethers,  as  belonging  to  the  same  natural  family. 

1043.  T^oreticid  Considerations. — It  would  be  improper  here  to  omit 
some  further  theoretical  remarks  upon  the  constitution  of  the  ethers,  and 
their  ccxinection  with  other  organic  bodies,  the  nature  and  properties  of 
which  have  heretofi>re  been  discussed. 

The  composition  of  the  radicals  ethule  and  acetule  has  already  been 
given  (908).  These,  it  is  true,  have  never  been  obtained  in  a  separate  state, 
but  they  are  believed  to  exist  in  combination.  Now  the  former,  ethule,  (G4H5) 
is  believed  to  be  the  radical  of  aU  the  ethers  both  simple  and  compound. 
The  simj^e  ethers  are  the  oxide,  chloride,  bromide,  sulphuret,  &c.  of  ethule, 
as  sulphuric  ether  C4H5O,  and  hydrochloric  ether  C4H5CI;  while  the 
compound  ethers  are  properly  salts  of  the  oxide  of  ethule,  as  hyponitrous 
ether  C4H3O+NO3.  The  compound  acids  (918)  are  salts  of  the  oxide  of 
ethule. 

1044.  Acetule  (C4H3),  is  considered  the  radical  of  acetic  acid.  It  unites 
also  with  various  other  bodies,  forming  compounds  which  are  more  or  less 
known.  Thus,  united  with  I  at  of  oxygen,  it  forms  aldehyde,  (from  alco- 
hol delydratus),  C4H3O,  with  2  at  of  oxygen,  it  forms  aldehydic  acid 
C4H3O2,  and  with  3  at  of  oxygen,  acetic  acid  C4H3O3. 

Olefiant  gas  (459,468),  the  composition  of  which  is  G4H4,  is  believed  to 
be  a  hyduret  of  this  radical,  acetule.  If  this  supposition  is  correct,  its  true 
constitution  of  course  is  C4H3-{-H. 

1045.  When  this  gas  and  chlorine  are  brought  together  (469),  chloride 
of  acetule  (G4H3CI),  and  hydrochloric  acid  (HCI),  are  at  the  same  time 
produced,  and  these  immediately  combining,  form  the  liquid  called  CHI  of 
the  Dutch  Chemists,  before  alluded  to.  It  is  properly  hydrochlorate  of 
chloride  of  acetule.    By  some  it  has  been  called  chloric  ether. 

OTHER    NEUTRAL    PRINCIPLES. 

1046.  Under  this  head  are  introduced  a  number  of  vegetable  principles, 
which  appear  to  be  definite  compounds,  but  do  not  sustain  an  intimate  re- 
lation to  any  of  the  preceding  substances.  Some  of  them  may  possess 
■lightly  acid  or  alkaline  properties. 

1047.  Asparagine. — This  principle  is  contained  in  the  young  shoots  of 
asparagus,  in  the  potato,  root  of  the  marsh-mallow,  and  in  the  roots  of  liquo- 
rice. 

It  is  obtained  by  digesting  asparagus  in  cold  water  for  48  hours,  and 
then  straining  the  liquor  and  setting  it  aside  to  crystalizc.  It  forms  regular 
octohedrons,  which  are  colorless  and  tasteless,  and  require  60  parts  of  cold 
water  for  solution.  By  its  decomposition,  it  yields  aspartic  acid.  The 
composition  of  asparagine  is  NC4H4O3-I-HO. 

1048.  Bassorin  was  first  noticed  in  gum  bassora  by  Vauquelin.  It  is 
an  ingredient  of  gum  tragacanth,  and  probably  occurs  in  other  gums. 

Bassorin  is  characterized  by  forming  with  cold  water  a  bulky  jelly, 
which  is  insoluble  in  that  menstruum,  as  well  as  in  alcohol  and  ether* 


396  XA3IUAL    OF     CHBMISTRT. 

Li:r.irs:p.  an>i  si:>meciiues  other  substances,  are  mixed  with  the 
oi!  Vj  Ln«.*rt?a5e  its  drying  properties.  They  are  also  found  to 
*iry  m«•r^»  rapi-iiy  by  having  been  previously  boiled.  The 
•iryinir  oils  are  us>^i  in  preparing  printtr's  ink,  the  coloring 
su: -stance  of  \v rich  is  lanipbJack. 

U.O).  T:.e  ab^^-.-rption  of  oxygen  by  drying  oils,  is  under 
some  circuc:>:ar.crs  so  abundant  and  rapid,  and  accompanied 
wi:h  so  n:u*:h  Leat.  that  light  porous  combustible  materials, 
such  as  Ijii.jvjlack.  ;.empv  of  cotton- wool,  may  be  kindled  by 
it.  Sii'^>:a!.c<?s  «~>f  this  kind,  moistened  with  linseed  oil,  have 
been  known  to  take  fire  duringthespaceof  twenty-four  hours, 
a  circiiir.stance  wr.ich  has  repeatedly  been  the  cause  ojf  exten- 
sive tires  in  ware-houses  and  cotton  manufactories. 

Fixeti  oils  do  not  unite  with  water,  but  they  may  be  perma- 
nently siis[^n«.led  in  that  fluid  by  means  of  mucilage  or  sugar, 
so  as  to  constitute  an  amuUion.  They  are  for  the  most  part 
Tery  sparingly  soluble  in  alcohol  and  ether. 

\Otji.  The  action  of  the  alkaline  bases  and  oxide  of  lead  upon 
the  fixed  oils  has  long  been  known.  With  ammonia  they  form 
a  soapy  compound  called  volatile  liniment ;  with  the  alkalies, 
the  well-known  substance  soap^  and  with  oxide  of  lead,  the  sub- 
stance called  diachylon  (749),  as  before  descrlt)ed. 

1002.  There  are  three  varieties  of  soap  in  commerce — hard 
vrhite  soap,  hard  yelloic  soapy  and  soft  soap.  They  are  usually 
prepared  from  animal  oils  because  (^ their  cheapness,  but  may 
properly  be  descri'oed  here. 

The  first  variety,  hard  white  soap,  is  made  firom  tallow  and 
caustic  soda,  wl.ich  are  boiled  together.  Stearate  of  soda  is 
its  principle  solid  insredient ;  but  it  usually  contains  fi^om  40 
to  VA)  per  cent,  of  water. 

1033.  Flard  yellow  soap  is  made  of  soda,  tallow,  and  some 
coarse  oil,  and  rosin.  Generally  2  parts  of  fetty  matter  are 
used,  and  I  part  of  rosin.  The  fatty  matter  and  the  rosin  are 
first  dissolved  in  impure  caustic  potassa,  and  then  common 
salt  is  added.  By  this  process  the  potassa  soap  first  formed  is 
decomposed,  and  soda  soap  produced,  at  the  same  time  with 
chloride  of  potassium. 

10G4.  Soft  soap  is  made  by  boiling  together  some  fatty  mat- 
ter, and  impure  caustic  potassa,  prepared  by  lixiviating  com- 
mon wood  ashes,  (439,  600). 

The  hardness  of  soap  depends  chiefly  upon  the  alkali  used, 
soda  forming  hard  soap,  and  potassa  forming  the  soft. 

Soaps  made  of  vegetable  oils,  are  usually  mixtures  of  oleate  and  marga- 
rate  of  potastsa  or  soda,  while  those  made  of  animal  oils  contain  the  oleate, 
mixed  with  the  stearate  and  margarate  of  these  alkalies. 

The  following  are  some  of  the  most  important  of  the  fixed  oils: 
1065.  Linseed  OtZ,  obtained  from  the  seeds  of  common  flax,  linum  usU* 
atissimum, . 

10G6.  OH  of  Walnuts,  procured  fioom  the  common  walnut 
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u  proeored  in  adcolar  crysUls  from  gentian. 
&tberin  is  fimnd  in  the  cellular  tissoe  of  the  common  cork  tree. 
Columbine  is  obtained  from  the  oolumbo  root 
Quastine  oonstitates  the  bitter  principle  of  the  quassia  aurora. 
Abfinthiin  is  the  bitter  principle  of  common  wormwood  (artemisia  a&- 
nntkiumJ) 


SECTION  VI. 

GLBAGINOUS.  RESINOUS,  AND  BITUMINOUS  SUBSTANCES. 

OLEAGINOUS    SUBSTANCES. 

1057.  Oils  are  characterized  by  their  peculiar  unctuous  feel, 
by  their  inflammability,  and  by  being  insoluble  in  water.  They 
are  divided  into  the  fixed  and  the  volatile  oils,  the  former  being 
comparatively  fixed  even  at  elevated  temperatures,  and  there- 
fore giving  a  permanent  greasy  stain  to  paper,  while  the  latter, 
owing  to  their  volatility,  produce  a  stain  which  disappears  by 
a  gentle  heat. 

1058.  Fixed  Oils, — The  fixed  oils  are  usually  contained  in 
the  seeds  of  plants,  as,  for  example,  in  the  almond,  linseed, 
rape-seed,  and  poppy-seed ;  but  olive  oil  is  extracted  from  the 
pulp  which  surrounds  the  stone.  They  are  procured  by  bruis- 
ing the  seed,  and  subjecting  the  pulpy  matter  to  pressure  in 
hempen  bags,  a  gentle  heat  being  generally  employed  at  the 
same  time  to  render  the  oil  more  limpid. 

Fixed  oils  are  nearly  inodorous,  have  little  taste,  and  are 
lighter  than  water.  Some,  such  as  cocoa-nut  and  palm  oil,  are 
fixed  at  50°  or  60° ;  but  most  of  them  are  fluid  at  common 
temperatures,  and  they  all  become  limpid  when  warm.  They 
are  commonly  of  a  yellow  color,  but  may  be  rendered  nearly 
or  quite  colorless  by  the  action  of  animal  charcoal. 

They  are  chiefly  compounds  of  the  three  principles,  stearine, 
oleine,  and  margarine,  in  various  proportions,  united  with  gly- 
cerine (oxide  of  glycerule),  firom  which  respectively  stearic, 
oleic,  and  margaric  acids  are  prepared  by  means  already  de- 
scribed. Oleine  is  liquid  at  ordinary  temperatures,  but  stearine 
and  margarine  are  solid  though  diff*ering  in  fusibility. 

1059.  The  fixed  oils  may  be  divided  into  the  two  classes  of 
siccative  or  drying  oils,  which  absorb  oxygen  and  become 
rancid  or  even  waxy,  on  exposure  to  the  air,  and  fat  oils,  which 
are  not  so  aflected. 

When  the  drying  oils  are  spread  upon  the  surface  of  wood 
or  other  substance,  and  exposed  to  the  .air,  a  thin  film  or 
pellicle  is  formed,  which  serves  to  protect  it  from  the  further 
action  of  the  atmosphere  or  moisture.  The  various  substances 
called  pigments  or  paints,  as  chromate  of  lead,  vermilion,  &c. 
are  mixed  with  this  oil  in  painting,  to  give  the  desired  color. 
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1074.  When  a  current  of  hydrochloric  acid  gas  is  passed 
through  this  substance,  a  solid  compound  is  formed,  which, 
from  its  resembliince  to  camphor,  is  called  artificial  camphor. 
Its  composition  isC...H,  Cl=C2oHi(,-f  HCl.  From  this  com- 
pound tiie  hydrochloric  acid  may  be  separated,  and  the  oil  of 
turpentine  (C:.oHir)  again  obtained.  Dumas  has  given  it  the 
name  of  camphene, 

1075.  There  arc  some  six  or  eight  other  oils  which  appear  to  be  isome- 
ric with  this,  but  their  equivalents  are  difii-rent,  as  well  as  their  action  upon 

polarized  light. 

1076.  Oil  of  Bitter  Almonds  is  prepared  by  distilling  with 
water  the  bruised  almonds.  After  it  is  purified  from  hy- 
drocyanic acid,  which  is  distilled  over  with  it,  it  is  perfectly 
colorless,  and  has  a  strong  odor.  Its  sp.  gr.  is  1.04,  and  it  boils 
at  356^.  It  is  a  hyduret  of  the  compound  radical,  benzule, 
C,4H50.  (908),  which  was  first  obtained  from  this  substance. 
Oxide  of  the  same  radical  constitutes  benzoic  acid,  (937). 

1077.  Camphor. — The  common  camphor  of  commerce  is  well 
known.  It  is  obtained  from  the  trunk  and  branches  of  the 
laurus  camphor  a  of  Japan,  by  distillation. 

It  is  a  solid  \thite  substance,  of  sp.  gr.  0.99,  and  has  a  pun- 
gent odor,  and  bitter  aromatic  taste.  It  melts  at  347°  and  boils 
at  390^  Its  composition  is  CaoHicOa,  which  shows  it  to  be  an 
oxide  of  camphene  (1074). 

Camphor  is  insoluble  in  water,  but  when  triturated  with 
sugar  or  lime  and  then  mixed  with  that  liquid,  a  portion  of  it 
is  taken  up  by  it.  In  alcohol  it  dissolves  freely,  forming  the 
common  tincture  of  camphor. 

1078.  The  name  camphor  is  also  applied  to  the  solids  de- 
posited from  the  various  volatile  oils  when  exposed  to  great 
cold.  Many  of  them,  especially  that  from  oil  of  peppermint, 
much  resemble  the  common  camphor  of  commerce,  in  color, 
taste,  odor,  solubility,  &c. 

1079.  The  number  of  essential  oils  is  great,  and  their  names  even  cannot 
be  here  given. 

RESINOUS    SUBSTANCES. 

1080.  Resins. — Resins  are  the  inspissated  juices  of  plants, 
and  commonly  occur  either  pure  or  in  combination  with  an 
essential  oil.  They  are  solid  at  common  temperatures,  brittle, 
inodorous,  and  insipid.  They  are  non-conductors  of  electricity, 
and  when  rubbed  become  negatively  electric.  They  are  gene- 
rally of  a  yellow  color,  and  semi-transparent. 

Resins  are  dissolved  by  alcohol,  ether,  and  the  essential  oils, 
and  the  alcoholic  and  ethereal  solutions  are  precipitated  by 
water,  a  fluid  in  which  they  are  quite  insoluble.  Their  best 
solvent  is  pure  potassa  and  soda,  and  they  are  also  soluble  in 
the  alkaline  carbonates  by  the  aid  of  heat.    The  product  is  in 
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each  case  a  soapy  compound,  which  is  decomposed  by  an 
acid. 

The  uses  of  resin  are  various.  Melted  with  wax  and  oil, 
resins  constitute  ointment  and  plasters.  Combined  with  oil 
or  alcohol,  they  form  different  kinds  of  oil  and  spirit  varnish. 
Sealing-wax  is  composed  of  lac,  Venice  turpentine,  and  com- 
mon rosin.  The  composition  is  colored  black  by  means  of 
lampblack,  or  red  by  cinnabar  or  red  lead.  Lampblack  is  the 
soot  of  imperfectly  burned  resin. 

1031.  Of  the  different  resins  the  most  important  are  the  com- 
mon resin  or  rosin,  copal,  lac,  sandarach,  mastich,  elemi,  and 
dragon's  blood.  The  fo-st  is  procured  by  heating  turpentine, 
which  consists  of  oil  of  turpentine  and  resin,  so  as  to  expel  the 
volatile  oil.  The  common  turpentine,  obtained  by  incisions 
made  in  the  trunk  of  the  Scotch  fir-tree,  {jpinus  sylvestn's),  is 
employed  for  this  purpose;  but  the  other  kinds  of  turpentine, 
such  as  Venice  turpentine,  that  from  the  larch,  (pinus  larix), 
Canadian  turpentine,  from  the  pinus  halsamea^  or  the  Stras- 
burgh  turpentine,  from  the  pinus picea,  yield  resin  by  a  similar 
treatment. 

When  turpentine  is  extracted  from  the  wood  of  the  fir-tree 
by  heat,  partial  decomposition  ensues,  and  a  dark  substance, 
consisting  of  resin,  empyreumatic  oil,  and  acetic  acid,  is  the 
product.  This  constitutes  tar,  and  when  inspissated  by  boiling, 
it  forms  pitch, 

1032.  Amber, — This  is  a  fossil  found  abundantly  on  the 
southern  coast  of  the  Baltic  sea,  and  to  some  extent  on  the 
Yorkshire  coast,  England,  and  in  some  parts  of  the  United 
States.  It  occurs  sometimes  in  beds  of  bituminous  wood,  and 
at  others  on  the  shore,  being  doubtless  washed  out  from  strata 
of  brown  coal  by  the  action  of  water.  Its  vegetable  origin  is 
amply  attested  by  the  substances  with  which  it  is  associated, 
by  its  resinous  nature,  and  by  the  vegetable  matters  which  it 
frequently  envelopes.  It  may  be  regarded  as  a  mixture  of 
several  substances,  as  succinic  acid,  &c.,  which  may  be  sepa- 
rated from  each  other  by  the  proper  means. 

1083.  Balsams. — The  balsams  are  semi-fluid  resins  containing  a  volatile 
oil,  which. may  greneralty  be  separated  by  careful  distillation,  leaving  the 
solid  resin.  Balsam  of  Peru  and  balsam  of  Tolu  are  well  known  from 
their  use  in  medicine. 

108i.  Gum-resins. — ^The  substances  to  which  this  name  is  applied  are 
the  concrete  juices  of  certain  plants,  and  consist  of  resin,  essential  oil,  gum, 
and  extractive  vegetable  matter.  The  two  former  principles  are  soluble  in 
alcohol,  and  the  two  latter  in  water.  Their  proper  solvent,  therefore,  is 
proof  spirit  Under  the  class  of  gnm-resins  are  comprehended  several 
valuable  medicines,  such  as  aloes,  ammoniacum,  assafoetida,  euphorbium, 
galbanum,  gamboge,  myrrh,  scammony,  and  guaiacum. 

1085.  Caoutchcue,  commonly  called  clastic  gnm  or  India  rubber,  is  the 
concrete  juice  of  the  Hesvea  caoutchouc  and  latro^  elastica^  natives  of 
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Sooth  America,  and  of  the  Fieut  Indxea  and  Artoearpus  integrij 
which  ^row  in  the  East  Indies.     It  is  a  soft  yielding  solid,  of  a  wl 
color  wiien  not  blackened  by  smoke,  possesses  considerable  tenacity, 
is  particularly  remarkable  for  its  elasticity.     It  is  inflammable,  and 
uith  a  bright  flame.     It  is  insoluble  in  water  and  alcohol;  but  itdh 
though  with  soiue  difficulty,  in  pure  ether.     It  is  very  sparingly 
by  the  alkalies,  but  its  elasticity  is  destroyed  by  their  action. 

("joutchuuc  is  soluble  in  tlie  essential  oils, ether,  naphtha,  cajeput  oil,i 
in  the  V(*latiU:  liquid  obtained  by  distilling  caoutchouc ;  and  from  all  tli 
aolvcntt,  except  the  essential  oils,  it  is  len  on  evaporation  without  loss 
its  elaKticity.     Before  actually  dissolving,  the  caoutchouc  swells  up  rei 
ably,  and  acquires  a  soil  gelatinous  aspect  and  consistency;  in  this  state! 
is  used  for  rendering  cloth  and  leatlMsr  impervious  to  water,  and  may 
cut  with  a  wet  knife  into  thin  sheets  or  bottles,  and  be  extended  to 
sixe,  but  not  without  much  care. 

108C.  J  fax. — This  substance,  which  partakes  of  the  nature^ 
of  a  fixed  oil,  is  an  abundant  vegetable  production,  entering 
into  the  composition  of  the  pollen  of  flowers,  covering  the  en-^ 
velope  of  the  plum  and  other  fruit,  especially  the  berries  of  Um* 
Myrica  cerifera. 

Whether  bees- wax  is  to  be  considered  as  a  vegetable  pro- 
duction collected  by  the  bees,  or  whether  it  is  manufactured  by 
them,  seems  not  to  be  determined.  It  is  found  to  consist  of 
two  distinct  principles,  one  of  which,  called  ccrtne,  is  soluble  in 
boiling  alcohol,  while  the  other,  called  myricine,  is  insoluble. 

1087.  Common  wax  is  always  more  or  less  colored,  and  has  a  distinct 
peculiar  odc>r,  of  both  which  it  may  be  deprived  by  exposure  in  thin  slices  to 
light,  air,  and  moisture,  or  more  speedily  by  the  action  of  chlorine.  At  ordi- 
nary temperatures  it  is  solid,  and  somewhat  brittle ;  but  it  may  easily  be  cut 
with  a  knife,  and  the  fresh  surface  presents  a  characterbtic  appearance,  to 
which  the  name  of  waxy  lustre  is  applied.  Its  specific  gravity  is  036. 
As  it  burns  with  a  clear  white  light  it  is  employed  for  forming  candles. 

BITUMINOUS    SUBSTANCES. 

1088.  Under  this  head  a  considerable  variety  of  substances  is  included, 
some  of  which  are  obtained  by  the  distillation  of  vegetable  matter ;  bat 
others,  though  of  vegetable  origin,  are  found  in  the  earth,  or  issue  from  its 
surface. 

1089.  Naphtha. — Naphtha  is  a  liquid  which  exudes  from  the 
earth  in  some  parts  of  Italy,  and  in  Persia.  It  is  an  ingredient 
of  the  dark  bituminous  liquid  called  petroleum,  and  may  be 
obtained  from  it  by  distillation.  Coal-tar  yields  by  distillation 
a  liquid  very  similar  to  mineral  naphtha,  and  to  all  appearance 
identical  with  it. 

Naphtha  is  generally  of  a  yellowish  color,  but  may  be  ren- 
dered perfectly  limpid  by  distillation;  it  possesses  a  strong 
peculiar  odor,  by  which  it  may  always  be  recognised.  Its  sp. 
err.  when  highly  rectified,  is  0,753  at  61°.  In  a  platinum  vessel 
It  begins  to  boil  at  150°,  but  the  thermometer  is  not  stationary 
until  it  reaches  192°.    It  retains  its  liquid  form  at  0°. 
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1090.  Petroleum  is  moch  less  limpid  than  naphtha,  has  a  reddish-hrown 

r,  and  b  unctuous  to  the  touch.    It  is  found  in  several  parts  of  Britain 

the  continent  of  Europe,  in  the  West  Indies,  and  in  diJSerent  parts  of 

United  States.    It  occurs  particularly  in  coal  districts.    Mineral  tar  is 

similar  to  petroleum,  but  is  more  viscid  and  of  a  deeper  color.     Both 

species  become  thick  by  exposure  to  the  atmosphere,  and  pass  into 

bitumen. 

IT 

El.  AspJtaltum  is  a  solid,  brittle  bitumen,  of  a  black  color,  vitreous 
and  conchoidal  fracture.  It  melts  easily,  and  is  very  infl:immable. 
ts  a  bituminous  odor  when  rubbed,  and  by  distillation  yields  a  fluid 
Kite  naphtha.  It  is  soluble  in  about  five  times  its  weight  of  naphtha,  and 
he  solution  forms  a  good  varnish.     It  is  rather  denser  than  water. 

Asphaltum  is  found  on  the  surface  and  on  the  bonks  of  the  Dead  Sea, 
tend  occurs  in  large  quantity  in  Barbadoes  and  Trinidad.  It  was  employed 
brf  the  ancients  in  building,  and  is  said  to  have  been  used  by  the  Egyptians 
la  embalming. 

1092.  Creosote. — This  substance  exists  in  solution  in  crude 
l^yroligneous  acid ;  but  it  is  best  prepared  from  those  portions 
of  the  oil  distilled  from  wood-tar,  which  are  heavier  than  water. 
The  oil  is  first  freed  from  adhering  acetic  acid  by  carbonate  of 
}K)tassa,  and  after  separation  from  the  acetate,  is  distilled. 

To  insure  purity,  it  must  be  several  times  re-distilled,  care 
l)eing  taken  to  neutralize  any  free  acid. 

Creosote  is  a  colorless,  transparent  liquid  of  an  oily  consist- 
ence, which  retains  its  fluidity  at  — 17°,  has  a  sp.  gr.  of  1.04 
at  68^,  boils  at  397°,  is  a  non-conductor  of  electricity,  and  re- 
finacts  light  powerfully.  It  has  a  burning  taste  followed  by 
sweetness,  and  its  odor  is  like  that  of  wood-smoke,  or  rather 
of  smoked  meat.  It  is  highly  antiseptic  to  meat:  the  antiseptic 
virtue  of  tar,  smoke,  and  crude  pyroligneous  acid,  seems  owing 
to  the  presence  of  creosote.  Its  name,  (from  x^eoi,  fleshy  and 
fltojto,  /  save),  was  suggested  by  this  property. 

Creosote  requires  about  80  parts  of  water  for  solution,  and 
is  soluble  in  every  proportion  in  alcohol,  ether,  sulphuret  of 
carbon,  eupione,  and  naphtha.  It  has  neither  an  acid  nor 
alkaline  reaction  with  test  paper,  but  combines  both  with  acids 
and  alkalies. 

This  substance  is  used  considerably  in  medicine,  both  inter- 
nally and  externally,  and  is  often  found  to  be  very  efficacious. 

Picamar,  capnomar,  paraffine,  eupione  and  pittacal,  arc  substances  some- 
what analogous  to  creosote,  and  arc  obtained  by  the  destructive  distillation 
of  various  vegetable  substances. 

1093.  Coal — The  numerous  varieties  of  mineral  coal  known 
in  commerce  may  be  reduced  to  two,  bituminous  coal,  and 
stone  coal,  or  anthracite. 

Bituminous  coal  is  distinguished  by  its  softening  like  wax 
when  thrown  upon  burning  coals,  and  giving  off  much  gas 
when  heated,  which  of  course  burns  with  flame.  It  is  also 
much  lighter  than  anthracite,  and  more  easily  ignited. 

34* 
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Some  of  the  different  varieties  of  bitaminoas  coal  are  caking^  splintt 
cherry f  and  cannel  coal.  Jet  also,  which  is  used  in  jewelry,  is  a  bituminous 
coal ;  and  in  the  same  family  may  be  included  wood  or  Bovey  coal,  some- 
times called  lignite. 

When  the  volatile  matter  is  expelled  from  the  different  va- 
rieties of  bituminous  coal,  the  hard,  inodorous  carbon  which 
remains  is  called  coke,  (439). 

1094.  Anthracite. — Anthracite  or  glance  coal  differs  from 
common  coal,  which  it  frequently  accompanies,  in  containing 
no  bituminous  substances,  and  in  not  yielding  inflammable 
gases  by  distillation.  Its  sole  combustible  ingredient  is  car- 
bon, and  consequently  it  burns  without  flame. 

It  often  occurs  in  the  immediate  vicinity  of  basalt,  under  cir- 
cumstances which  lead  to  the  suspicion  that  it  is  coal  from 
which  the  volatile  ingredients  have  been  expelled  by  subterra- 
nean heat. 

Anthracite  is  found  in  different  countries,  but  nowhere  in 
such  profuse  abundance  as  in  the  eastern  part  of  the  State  of 
Pennsylvania,  which  supplies  most  of  the  northern  and  eastern 
parts  of  the  United  States  with  fuel. 

1095.  Illuminating  Gas. — The  gas  used  so  extensively  at  the 
present  day,  for  illuminating  the  streets  of  cities,  is  prepared  by 
the  distillation  of  oleaginous  and  resinous  substances,  and  bi- 
tuminous coal.  In  the  United  States  common  rosin  is  much 
used,  but  in  other  countries  bituminous  coal,  or  coarse  oil  of 
some  kind,  is  found  to  be  cheaper.  The  gas  formed  by  the 
different  processes,  is  probably  a  mixture  of  several  compounds 
of  carbon  and  hydrogen,  but  the  most  important  is  supposed 
to  be  olefiant  gas,  previously  described,  (468). 

1096.  The  formation  of  coal  and  oil  gas  is  a  process  of  con- 
siderable delicacy.  Coal  gas  is  prepared  by  heating  coal  to 
redness  in  iron  retorts.  The  quality  of  the  gas,  as  made  at 
different  places,  or  at  the  same  place  at  different  times,  is  very 
variable ;  the  specific  gravity  of  some  specimens  having  been 
found  as  low  as  0.42,  and  that  of  others  as  high  as  0.700. 
These  differences  arise  in  part  from  the  nature  of  the  coal,  and 
partly  from  the  mode  in  which  the  process  is  conducted.  The 
regulation  of  the  degree  of  heat  is  the  chief  circumstance  in 
the  mode  of  operating,  by  which  the  quality  of  the  gas  is 
affected. 

An  illuminating  gas  like  that  formed  by  the  distillation  of 
coal,  is  sometimes  presented  ready  formed  by  nature,  and 
constantly  issues  into  the  air  like  light  carburetted  hydrogen, 
from  between  beds  of  coal  in  a  coal  mine.  The  illuminating 
power  is  not  equal  to  that  of  the  gas  formed  by  art,  but,  by 
means  of  suitable  apparatus,  the  gas  is  sometimes  collected 
as  it  issues  from  the  earth,  and  whole  villages  lighted  by  it. 
The  village  of  Fredonia  in  the  western  part  of  New  York  is 
•"hip  mannen 
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1097.  Oil  gas  requires  still  more  care  in  its  preparation  than 
that  madcfrom  coal.  To  form  it  of  the  proper  density  the  re- 
tort  should  be  kept  at  a  dull  red  heat,  and  the  oil  allowed  to 
enter  a  little  at  a  time.  When  rosin  is  used,  it  is  melted  before 
it  is  introduced  into  the  retort. 

Gas  formed  from  coal  has  always  to  be  cleansed  from  hydro- 
sulphuric  acid,  by  passing  it  through  milk  of  lime,  before  it  is 
fit  for  use;  and  even  then  it  is  often  found  to  yield  some  sul- 
phurous acid  during  its  combustion.  Oil  gas,  or  that  formed 
from  rosin,  on  the  contrary,  needs  no  purification. 


SECTION  VII. 

COLORING    MATTERS. 

1098.  Infinite  diversity  exists  in  the  color  of  vegetable  sub- 
stances; but  the  prevailing  tints  are  red,  yellow,  blue,  and 
green,  or  mixtures  of  these  colors.  Coloring  matter  rarely  or 
never  occurs  in  an  insulated  state,  but  is  always  attached  to 
some  other  proximate  principle,  such  as  mucilaginous,  ex- 
tractive, farinaceous,  or  resinous  substances,  by  which  some 
of  its  properties,  and  particularly  that  of  solubility,  is  greatly 
influenced. 

Several  of  the  metallic  oxides,  and  especially  alumina  and 
the  oxides  of  iron  and  tin,  form  with  coloring  matter  insoluble 
compounds,  to  which  the  name  of  lakes  is  applied.  Lakes  are 
commonly  obtained  by  mixing  alum  or  pure  chloride  of  tin 
with  a  colored  solution,  and  then  by  means  of  an  alkali  pre- 
cipitating the  oxide,  which  unites  with  the  color  at  the  moment 
of  separation.  On  this  property  are  founded  many  of  the  pro- 
cesses in  dyeing  and  calico  printing.  The  art  of  the  dyer  con- 
sists in  giving  a  uniform  and  permanent  color  to  cloth.  This 
is  sometimes  effected  merely  by  immersing  the  cloth  in  the 
colored  solution ;  whereas  in  other  instances  the  affinity  be- 
tween the  color  and  the  fibre  of  the  cloth  is  so  slight  that  it 
only  receives  a  stain  which  is  removed  by  washing  with  water. 
In  this  case  some  third  substance  is  requisite,  which  has  an 
affinity  both  for  the  cloth  and  coloring  matter,  and  which,  by 
combining  at  the  same  time  with  each,  may  cause  the  dye  to 
be  permanent.  A  substance  of  this  kind  was  formerly  called 
a  mordant;  but  the  term  basis  is  now  more  generally  employed. 
The  most  important  bases,  and  indeed  the  only  ones  in  com- 
mon use,  are  alumina,  oxide  of  iron,  and  oxide  of  tin.  The 
two  former  are  exhibited  in  combination  either  with  the  sul- 
phuric or  acetic  acid,  and  the  latter  most  commonly  as  the 
chloride.    Those  coloring  substances  that  adhere  to  the  cloth 
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vHIkmiI  a  basis  are  called  tvbilantive  colors,  and  those  whicli 
Tcqoln  «  buos,  adkctivt  colors. 

Various  as  nre  ihe  llnls  observable  in  dyed  slufia,  they  maj 
all  Iv  produced  by  the  four  simple  ones,  blue,  red.  yellou',  mid 
blatki  anil  hence  it  will  be  convenient  to  treat  of  coloriug 
uuittrrs  in  thai  order. 

lUyfl.  Bhit  I^M.— [ndigo  is  chiefly  obtained  from  an  Anwii- 
can  and  Asiatic  plant,  the  tniUgoftra,  several  species  ol"  tthiril 
■re  cultivated  for  the  pur|>ose.  It  is  likewise  extracleil  thin 
Ihe  AVrium  tinctoriam;  and  an  inferior  sort  is  prepared  from 
the  ItttXM  tinctoria  or  icoad,  a  native  of  Europe. 

The  indigo  of  commerce,  which  occurs  in  cakes  (if  a  deep 
blue  color  and  eanhy  aspect,  is  a  mixture  of  several  sulolsn- 
ces,  as  iniJigo-brown,  indigo-red,  and  indigo-blue,  each  of 
which  may  be  obtained  in  a  separate  state.  Tliese'may  be 
converted  into  each  other  by  a  slight  change  of  composition. 

Indigo-blue  is  the  well  known  coloring  substance  ofcomnKKi 
indigu.  When  pure,  its  composition  is  NC,,HjOj,  At  a  higli 
lenperalure  it  sublimes,  and  condenses  into  long  fiat  acieulat 
crjrstals,  which  appear  red  by  reflected,  and  blue  by  transmil- 
t«d  light.  It  has  neither  lasle  nor  odor,  and  it  is  insoluble  in 
,  water,  alkalies,  and  ether.  Boiling  alcohol  takes  up  a  trace  of 
H.and  acquires  a  blue  lint;  but  it  is  generally  deposited  aesin 
on  standing.  Concentrated  sulphuric  acid,  especially  thai  oT 
Nordhausen,  dissolves  it  readily,  Gjrming  an  intensely  de«p 
blue  solution,  commonly  termed  siUphale  of  indigo,  which  ii 
eniplnyed  by  dyers  for  giving  the  Saxon  Wue. 

IIDO.   RfJ  Dyti—The  aabxlincea  chiefly  employed  Tot  prodacing  ni 

oTcUl,  »l>ieh  is  oblBined  ti'oni  a  pecnliar  kind  of  iicbeu  (tickrn  roetllo). 
gtoiriag   in   die   Canar;    ial^indi;    Biuiit  nHwd.   madder,    lagicood,  ml 
tt/Umrr.     The  colarini;  piimnpEs  of  logwood  has  beco  otitaiaed  in  ■  N  ' 
ralo  tide,  and  called  brauilin.     Madder  is  prepared  rrom  Uic  root  of 
Jlatta  liarlarmm,  nnd  safflowEr  is  umply  Ihe  floiver  of  Ifac  earlhamt 

Ijlunt  or  tiiriHat  ia  ■  diStrtal  prcpsrsti'in  from  Ihe  Eiime  plant  u 
Uw  lirJwn  rocclls;  and  enrminr  is  prupired  rcom  cochineal. 

1101.   YtBoK  Dya—Thv  chief  jelloff  d^es  sre  quercitron  buk, 
tit^  wild  Americiin  hickory.  fuMtic,  and  wmon;  all  oF  »liich  are  ai_,__. 
Mferi-     Qoereilrnn  bark,  which  is  one  nrthe  most  iniportint  of  Ihe  yell 
ijva,  waa  introduced  inio  notice  by  Buicrufl. 

TunncriR  ii  the  rool  of  the  cureama  lanpa,  a  oaUve  of  Ihe  Rail 
fapei  Btiined  with  ■  decoclion  of  Ihis  substance,  cnnitiratca  Ihe  tu. 
cr  turn™"  paper  employed   by  chemints  as  ■  lesl  of  free  alkali,  bj 
action  of  which  tl  rECeires  a  brown  slsin. 

1109,  flitt*  Dyn.—Tho  black  dye  is  made  of  Ihe  same  inffredi 
wriling  ink,  and,  Ihercfiirc,  conaiBlB  esaentislly  of  a  compomid  oroiidBi 
iron  with  giillic  acid  and  tannin.    From  the  addition  oriogwood  and 
gfmpprr,  the  black  receisca  a  shade  of  blue. 
"^  ihc  deitteroua  combination  of  111 e  four  lending- colors,  blue,  red. 
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and  black,  all  the  other  shades  of  color  may  be  procured.  Thus  green  is 
oommucicated  by  forming  a  blue  ground  with  indigo,  and  then  adding  a 
veiiow  by  means  of  quercitron  bark. 

1 103.  Chlorophyle. — This  name  has  been  applied  by  Pelletier  and  Caven- 
toa  to  the  green  coloring  matter  of  leaves.  It  is  prepared  by  bruising  green 
leaves  into  a  pulp  with  water,  pressing  out  all  the  liquid,  and  boiling  the 
palp  in  alcohol.  The  solution  is  mixed  with  water,  and  the  spirit  driven 
off  by  distillation,  when  the  chlorophyle  is  lefl  floating  on  the  surface  of  the 
water.  As  thus  obtained,  it  appears  to  be  wax  stained  with  the  green  color 
of  the  leaves ;  and  from  some  late  observations  the  wax  may  be  removed  by 
ether,  and  the  coloring  matter  left  in  a  pure  state.  The  red  autumnal  tint 
of  the  leaves,  according  to  the  same  observer,  is  the  effect  of  an  acid  gene- 
rated  in  the  leaf.  The  green  tint  may  be  restored  by  the  action  of  an 
alkali. 


SECTION  VIII. 
CHEMICAL  PHENOMENA  OP  VEGETATION. 

1104.  Germination  is  the  process  by  which  a  new  plant 
originates  from  seed.  A  seed  consists  essentially  of  two  parts, 
the  fferm  of  the  future  plant,  endowed  with  a  principle  of  vita- 
lity, and  the  cotyledons  or  seed-lobes,  both  of  which  are  enveloped 
in  a  common  covering  of  cuticle.  In  the  germ  two  parts,  the 
radicle  and  plumula,  may  be  distinguished,  the  former  of  which 
is  destined  to  descend  into  the  earth  and  constitute  the  root, 
the  latter  to  rise  into  the  air  and  form  the  stem  of  the  plant. 
The  oflSce  of  the  seed-lobes  is  to  afford  nourishment  to  the 
young  plant,  until  its  organization  is  so  far  advanced,  that  it 
may  draw  materials  for  its  growth  from  extraneous  sources. 
For  this  reason  seeds  are  composed  of  highly  nutritious  ingre- 
dients. The  chief  constituent  of  most  of  them  is  starch,  in 
addition  to  which  they  frequently  contain  gluten,  gum,  vege- 
table albumen  or  curd,  and  sugar. 

1105.  The  conditions  necessary  to  germination  are  three- 
fold; namely,  moisture,  a  certain  temperature,  and  the  pre- 
sence of  oxygen  gas.  The  necessity  of  moisture  to  this  process 
has  been  proved  by  extensive  observation.  It  is  well  known 
that  the  concurrence  of  other  conditions  cannot  enable  seeds 
to  germinate  provided  they  are  kept  quite  dry. 

A  certain  degree  of  warmth  is  not  less  essential  than  mois- 
ture. Germination  cannot  take  place  at  32^;  and  a  strong 
heat,  such  as  that  of  boiling  water,  prevents  it  altogether,  by 
depriving  the  germ  of  the  vital  principle.  The  most  favorable 
temperature  ranges  from  60^  to  80°,  the  precise  degree  varying 
with  the  nature  of  the  plant,  a  circumstance  that  accounts  for 
the  difference  in  the  season  of  the  year  at  which  different  seeds 
begin  to  germinate. 
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The  other  numerous  secondary  products,  as  the  vegfetable  acids, 
ring  viatters,  &c.,  which  characterize  plants,  may  be  formed  from 
iring  the  inverse  respiratory  action  just  alluded  to,  (1 108),  in  which 

acid  is  given  off,  and  oxygen  absorbed  from  the  atmosphere. 
;he  day  the  assimilating  power  of  the  plant  is  in  action,  and  carbo- 
is  rapidly  absorbed,  and  oxygen  evolved;  but  during  the  night, 
3  plant  is  in  repose,  this  nutritious  action  ceases,  and  a  different 
commences  during  which  the  various  substances  natural  to  the 
e  elaborated,  attended  by  the  absorption  of  oxygen  from  the 
3re,  and  the  evolution  of  carbonic  acid  and  water.  This  change 
illustrated  by  certain  plants,  as  the  Cacalia  Jicoidet^  the  leaves 
1  are  bitter  in  the  evening,  but  in  the  morning  are  sour  like 
sorrel.  During  the  night  oxygen  has  been  absorbed,  and  an  acid 
d  from  materials  that  were  combined,  the  evening  previous,  in  a 

mode. 

nportant  changes  that  occur  during  the  ripening  of  fruits,  probably 
merely  in  new  arrangements  of  the  particles  composing  the  sub- 
bund  in  these  fruits. 

Assimilation  of  Nitrogen. — Though  the  chief  constitu- 
*  plants  are  oxygen,  hydrogen  and  carbon  (943),  yet 
n  serves  a  most  important  purpose,  not  only  as  an 
t  of  many  active  vegetable  products,  as  the  vegetable 
3,  but  also  as  a  constituent  of  those  vegeto-animal  sub- 
},  as  gluten,  albumen,  legumine,  &c.,  which  are  found  in 
s  of  the  plant  dissolved  in  its  juices,  and  are  the  princi- 
nts  in  producing  the  transformations  necessary  for  their 
ation  and  growth.  The  conversion  of  starch  into  sugar, 
ch  into  woody  fibre,  and  the  vast  variety  of  other 
ts  found  in  plants,  the  ripening  of  fruit,  &c ,  all  have 
rigin  in  a  series  of  actions,  induced  and  maintained  by 
ive  fermentation  of  their  nitrogenized  materials.  In 
Die  substances  used  for  food,  this  nutritive  power  is 
)roportioned  to  the  quantity  of  nitrogen  they  contain. 
:  of  the  nitrogen,  as  well  as  the  carbon,  of  plants,  is  pro- 
)btained  from  the  atmosphere,  which  always  contains  a 
y  of  ammonia,  derived  from  the  putrefaction  of  organic 
This  is  absorbed  by  them,  and  the  nitrogen  passes 
;ir  constitution.  Some  plants  derive  nitrogen  from  the 
•here  with  much  greater  facility  than  others.  Wheat, 
it  contains  much  nitrogen,  is  scarcely  capable  of  absorb- 
rom  the  air,  but  derives  it  from  the  organic  matter  of 
1 ;  while  trefoil  thrives  nearly  as  well  when  planted  in 
md,  and  supplied  with  water,  as  when  sown  in  ordinary 
ts  nourishment,  therefore,  of  which  nitrogen  is  an  im- 
t  part,  is  derived  chiefly  from  the  atmosphere. 

Inors^anic  Constituents  of  Plants. — Besides  the  sub- 
\  which  form  the  matter  of  plants,  various  inorganic 

as  the  salts,  are  usually  found  contained  in  them,  and 
3  sey*ve  some  important  purpose.  If  a  plant  is  made  to 
te  in  a  soil  containing  in  it  small  quantities  of  sever 
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kat  trliile  U  continues  in  bestlth.  if  se«ns  toem 

■rfr  dbK-rrtiDnary  power,  absorbing  atmx,n 

Thuse  abaurbeil  most  freely  are  such  ai  a 

r  to  [VDper  irrowlh,  and  are  not  given  up  to  lb 

"-ft  iftr  pbnt  may  be  immersed ;  while  some  U 

■  I  giren  off,  and  others  still  are  entiid 

J.    Most  plants,  as  has  already  b<^^ 
3  qaanlily  of  some  salt  of  potai 
te  ID  the  ashes  resulling  from  tl 
sttnl  grow  near  the  aea,  orspriDgad 
f  cOBtain  soda  instead  of  polassa,    "■''- 
e  nlsuj  often  contained  in  plants. 
_      __         t  inorganic  substances  are  netessary  for  ft 
HripiM'tb  of  plants,  and  aD  plants  do  not  requii-e  the  san 
"' Ja  why  the  cultivation  of  cerUi 
*  MPressfiil  in  some  soils  than  i 
Tbna  vhoo,  «Wrii  carmins  silica,  lime,  tnagoesl, 

1.  and  phosfrfMiic  ■nd.cMdd  not  be  espected  to  Swirid 

ik,  a,  Ml  dnlitutee<patusa  ami  phosphoric  acid.  WeseetDei 
ladqr  Cmd^usI  and  wnod-ashes,  containing  as  thej  do  Ihi 
MiB^iwrM  tmnting  in  Hie  soil  for  the  production  of  this  a  ~ 

Kto  bund  greatly  to  promote  its  erowtb,  and  becoi 
irdrcurastances,  powerful  fertilizers. 
Jinturt  and  Ust  of  Manuret.—lhe  object  and  luecf 
t  tare  alresdy  been  io  part  anticipated  by  the  rema* 
EVcfy  substance  Is  called  a  manure  which,  appliedtf 
nrMKS  its  productiveness.    In  a  particular  case  it  ma] 
Mwrf  which  is  required  in  the  proposed  crop,  buloj 
^tii  liw  *d  Is  deficient;  or  it  may  be  a  substance  desiflKJ 
e  ttie  soil  a  proper  texture,  so  that  It  may  man 
rated  by  the  rootlets  of  the  plants,  or  to  incru 
to  enable  it  to  retain  longer  the  moisture  th- 
It  is  in  the  manner  last  mentioned,  probablfi 
■1  manures,  as  lime.  marl.  &.c.,  usually  operaiA 
e  preceding  reniaj-ks,  the  great  adFanlageof 
may  readily  be  seen.    The  mineral  constt- 
re  derived  from  the  disinlegralion  of  its 

some  of  lliem  being  contained  only  in ™. 

jnued  succession  of  (he  same  crop  may  be 

— d  the  soil  become  impoverished.     By  sub- 

,^  which  requires  little  or  none  of  the  mate- 

9  exhausted,  an  abundant  harvest  may  be 

a.  by  the  gradual  decomposition  of  its  sob- 

jt  consyiution.    Indeed,  a  succession  of 

ilhat,  instead  of  impoverishing  a  soil, 

•-^-\  by  the  additions  made  to  its 

'lS  and  rejected  parts  of  the  vari- 

manures  is  supposed  to 
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depend  almost  entirely  upon  the  nitrogen  they  supply  to  the 
soil.  The  most  of  the  nitrogen  in  plants  is  contained  in  the 
seed,  tubers,  &c.,  those  parts  which  are  selected  by  man  for 
food,  or  for  medicinal  purposes,  in  consequence  of  the  active 
principles  they  contain ;  and  but  little  is  found  in  the  stem, 
leaves,  root,  &c.,  which  are  rejected  as  useless.  The  residue 
of  a  former  season,  therefore,  may  manure  the  land  abundantly, 
so  far  as  carbon  is  concerned,  but  there  will  be  a  deficiency 
of  nitrogen,  an  essential  element  of  the  future  desired  crop — an 
element,  too,  which  many  plants,  and  especially  the  different 
varieties  of  grain,  are  incapable  of  assimilating  directly  from 
the  atm(>sphere  (1111).  This  deficiency  is  supplied  by  tlie  de- 
caying animal  and  vegetable  substances  used  as  manures;  the 
value  of  which  will  therefore  be  very  nearly  in  proportion  to 
the  nitrogen  they  supply.  If  mere  ammoniacal  salts  are  used, 
or  perishable  animal  substances,  their  whole  benefit  is  imparted 
to  the  crop  immediately  succeeding  their  application;  but 
organic  substances  which  decay  but  slowly,  yield  a  more  per- 
manent benefit :  their  nitrogen  is  gradually  evolved,  and  though 
little  benefit  at  first  appears,  the  soil  is  at  length  found  to  be 
essentially  improved. 

1117.  In  healthy  vegetation,  light  serves  a  most  important 
porpose ;  indeed,  without  it,  no  plant  could  come  to  perfection. 
The  peculiar  action  of  plants  during  the  day,  by  which  carbonic 
acid  is  absorbed  and  oxygen  evolved  ( 1108),  is  dependent  upon 
this  principle ;  and  the  reverse  action  in  the  night  is  because  of 
its  absence.  A  plant  which  grows  in  darkness,  as  in  a  cellar, 
however  rich  may  be  the  soil  in  which  it  stands,  remains  soft, 
its  color  pale,  and  its  woody  fibre  unformed.  When  brought  to 
the  light,  it  perhaps  increases  in  volume  less  rapidly,  but  the 
healthy  action  of  the  organs  at  once  commences ;  the  green 
color  appears,  and  all  the  parts  of  the  plant  begin  gradually  to 
advance  to  maturity. 


CHAPTER    III. 

ANIMAL   CHEMISTRY. 

1118.  We  include  in  this  chapter  most  substances  of  animal 
origin,  but  some  of  this  class  being  produced  also  in  vegetables, 
have  already  been  described  in  Vegetable  Chemistry  (900). 
The  essential  constituents  of  animal  compounds  are  oxygen, 
hydrogen,  carbon,  and  nitrogen ;  but  some  also  contain  phos- 
phorus, sulphur,  iron,  and  earthy  and  saline  matters  in  small 
quantity; — a  few  contain  no  nitrogen. 

1 1 19.  Animal  substances,  in  general,  are  less  permanent  than 
thoae  of  vegetable  origin ;  and  when  life  is  extinct,  they  at  on' 
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snltB,  we  End  that  while  it  continues  in  health,  it  seema  to  eat- 
else  K  rc-mBrknlilc  discretionnry  power,  nbsorbijig  some,  and 
rpjnctin"  oUipra.  Those  absorbed  most  freely  are  such  asm 
rMjuircM  for  ils  proper  growth,  and  are  not  given  up  to  the 
woler  in  whieh  Ifie  plant  may  be  imniensed  ;  while  some  are 
absortwtl  anij  again  given  off,  and  others  Htill  are  entiialy 
rejected,  as  being  injurious.  Most  plants,  aa  has  ajready  bees 
remarked,  contain  a  smali  quantity  of  some  salt  of  potasss, 
which  exists  as  a  carbonate  in  the  ashes  resulting  from  tber 
combusdiin  ;  but  plants  that  grow  near  the  sea,  or  springs  of 
suit  water,  usually  contain  soda  instead  of  potassu,  Silia, 
lime,  mngiicsia,  4.C.,  are  also  often  contained  in  plants. 

1113.  'As  these  inorganic  substances  are  necessary  for  Ik 
proper  growth  of  plants,  and  all  plants  do  not  requii'e  the  sane 
substancp,  the  reason  is  plain  why  the  cultivation  of  certain 
crops  is  found  so  much  more  successful  in  some  soils  than  la 
others.  Thus  wheat,  which  contains  silica,  hme,  magnesfe 
(totassB,  and  phosphoric  acid,  could  not  be  expected  to  ifouiii!! 
In  a  soil  destitute  of  potassa  and  phosphoric  acid.  We  see  loo, 
why  bone-dust  and  wood-ashes,  containing  as  they  do  Uk 
substances  wanting  in  the  soil  for  the  production  of  this  crop, 
should  be  found  greatly  to  promote  ils  growth,  and  beconj^ 
under  the  circumstances,  powerful  fertilizers. 

1114.  Nature  tind  Uee  i/f  Manured. — The  object  and  usecf 
manures  have  already  been  in  part  aolicipaled  by  the  remHrk! 
above.  Every  substance  is  called  a  manure  which,  applied  to 
B  soil,  increases  its  productiveness.  In  a  particular  case  it  may 
be  a  substance  which  is  required  in  the  proposed  crop,  but  m 
which  the  soil  is  deficient;  or  it  may  be  a  substance  desi^id 
merely  to  give  the  soil  a  proper  texture,  so  that  it  may  more 
easily  be  penetrated  by  the  rootlets  of  the  plants,  or  to  increase 
its  adhesiveness  to  enable  it  to  retain  longer  the  moisture  that 
falls  upon  it  It  is  in  the  manner  last  mentioned,  probablj, 
that  most  mineral  manures,  as  lime,  marl,  &.C.,  usually  opera' 

1115.  From  the  preceding  remarks,  the  great  advantage 
rotation  of  crops  may  readily  be  seen.     The  mineral 
tuents  of  a  soil  are  derived  from  the  disintegration  of  il 
jacent  rocks ;  and  some  of  them  being  contained  only  if 
quaiitities,  by  continued  succession  of  the  same  crop  may  h 
entirely  removed,  and  the  soil  become  impoverished.    By  sub 
stitufing  another  crop,  which  requires  little  or  none  of  the  matB^I 
rial  which  has  been  exhausied,  an  abundant  harvest  may  be  1 
obtained;  and  the  soil,  by  the  gradual  decompoaitionof  its  sub-   | 
soil,  recover  its  former  constitution.    Indeed,  a  succession  trf  "| 
crops  may  be  so  arranged,  that,  instead  of  impoverisiiing  a  soil, 
it  will  be  gradually  enriched,  by  the  additions  made  to  ils   i 

-, -organic  components  by  the  roots  and  rejected  parts  of  the  vai*.  - 
'  mx  crops  left  upon  it. 
Line.  Tlie  great  value  of  organic  manures  ii 
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depend  almost  entirely  upon  the  nitrogen  they  supply  to  the 
soU.  The  most  of  the  nitrogen  in  plants  is  contained  in  the 
seed,  tubers,  &c.,  those  parts  which  are  selected  by  man  for 
food,  or  for  medicinal  purposes,  in  consequence  of  the  active 
principles  they  contain ;  and  but  little  is  found  in  the  stem, 
leaves,  root,  &c.,  which  are  rejected  as  useless.  The  residue 
of  a  former  season,  therefore,  may  manure  the  land  abundantly, 
so  far  as  carbon  is  concerned,  but  there  will  be  a  deficiency 
of  nitrogen,  an  essential  element  of  the  future  desired  crop — an 
element,  too,  which  many  plants,  and  especially  the  different 
varieties  of  grain,  are  incapable  of  assimilating  directly  from 
the  atmosphere  (II 11).  This  deficiency  is  supplied  by  the  de- 
caying animal  and  vegetable  substances  used  as  manures ;  the 
value  of  which  will  therefore  be  very  nearly  in  proportion  to 
the  nitrogen  they  supply.  If  mere  ammoniacal  salts  are  used, 
or  perishable  animal  substances,  their  whole  benefit  is  imparted 
to  the  crop  immediately  succeeding  their  application;  but 
organic  substances  which  decay  but  slowly,  yield  a  more  per- 
manent benefit :  their  nitrogen  is  gradually  evolved,  and  though 
little  benefit  at  first  appears,  the  soil  is  at  length  found  to  be 
essentially  improved. 

1117.  In  healthy  vegetation,  light  serves  a  most  important 
purpose ;  indeed,  without  it,  no  plant  could  come  to  perfection. 
The  peculiar  action  of  plants  during  the  day,  by  which  carbonic 
acid  is  absorbed  and  oxygen  evolved  (1108),  is  dependent  upon 
this  principle ;  and  the  reverse  action  in  the  night  is  because  of 
its  absence.  A  plant  which  grows  in  darkness,  as  in  a  cellar, 
however  rich  may  be  the  soil  in  which  it  stands,  remains  soft, 
its  color  pale,  and  its  woody  fibre  unformed.  When  brought  to 
the  light,  it  perhaps  increases  in  volume  less  rapidly,  but  the 
healthy  action  of  the  organs  at  once  commences ;  the  green 
color  appears,  and  all  the  parts  of  the  plant  begin  grackially  to 
advance  to  maturity. 
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ANIMAL   CHEMISTRY. 

1118.  We  include  in  this  chapter  most  substances  of  animal 
origin,  but  some  of  this  class  being  produced  also  in  vegetables, 
have  already  been  described  in  Vegetable  Chemistry  (900). 
The  essential  constituents  of  animal  compounds  are  oxygen, 
hydrogen,  carbon,  and  nitrogen ;  but  some  also  contain  phos- 
phorus, sulphur,  iron,  and  earthy  and  saline  matters  in  small 
quantity; — a  few  contain  no  nitrogen. 

1 1 19.  Animal  substances,  in  general,  are  less  permanent  than 
those  of  vegetable  origin ;  and  when  life  is  extinct,  they  at  once 
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undergo  the  spontaneous  change  called  putrefaction, 
whicli  their  elements  resolve  themselves  into  new  an 
very  complex  modes  of  combination.  Animal  substanc 
not  always  be  easily  distinguished  from  those  of  vt 
ohgiii;  but  usually  the  former  may  be  known  by  the  pecuH* 
nnd  offensive  odor  given  off  by  them  during  their  combuatiott 


■  SECTION   1. 

COMPOSITION  OF  THE  ANIMAL  TISSUE 
120.  Fibrin. — Fibrin  enters  largely  into  the  composition  rf  ^ 
the  blood,  and  is  the  basis  of  the  muscles;  it  may  be  regardrf, 
therefore,  as  one  of  the  most  abundant  of  the  animal  principles,  I 
It  is  moat  conveniently  procured  by  stirring  recently  drawn  I 
blood  with  a  stick  during  its  coagulation,  and  then  washing,  I 
the  adhering  fibres  with  water  until  they  are  perfectly  whitej 
It  may  also  be  obtained  from  lean  beefcut  into  small  slices,  ttf^ 
soluble  parts  being  removed  by  digestion  in  several  succesdil 
portions  of  water. 

1121.  Fibrin  is  solid,  white,  insipid,  and  inodorous.    Wlicii  ^ 
moist  it  is  somewhat  elastic,  but  en  drying,  it  becomes  liaril, 
brittle,  and  semi-transparent.     In  a  moist,  warm  situation  it 
readily  putrefies.    It  is  insoluble  in  water  at  common  tempera- 
tures, but  is  dissolved  in  very  minute  quantity  by  the  continued^ 
action  of  tioiling  water.    It  is  insoluble  also  in  alcohol  a 
ether. 

Fibrin  is  dissolved  by  pure  potassa,  and  is  thrown  doirf 
when  the  solution  is  neutralized.  The  fibrin  thus  precipitaldl 
however,  is  partially  changed,  since  it  is  no  longer  soluble  ■ 
acetic  acid.    It  is  soluble  likewise  in  ammonia. 

The*composltion  of  fibrin,  according  to  Kane,  is  expres 
by  the  following  formula,  Cj„„H„a„N,„03.„+PS,. 

1122.  Albumen. — Albumen  enters  largely  into  the  c 
tion  both  of  animal  fluids  and  solids.    Dissolved  inwater,i(^ 
forms  an  essential  constituent  of  the  serum  of  the  blood,  ll»^ 
liquor  of  the  serous  cavities,  and  the  fluid  of  dropsy ;  and  ia  it 
solid  state  it  is  contained  in  several  of  the  textures  of  thebodj| 
such  as  the  cellular  membrane,  the  skin,  glands,  and  v 
From  this  it  appears  that  albumen  exists  under  two 
liquid  and  solid. 

It  Is  also  found  in  vegetables,  (1056),  and  is  then  caltcii 
vegetable  tilbumert,  which  however  appears  to  be  in  compositk' 
precisely  the  same  as  that  obtained  from  animals. 

Liquid  albumen  is  best  procured  from  the  white  of  era 
which  consists  almost  solely  of  this  principle,  united  wi_ 
water  and  free  soda,  and  mixed  with  a  small  quantity  of  saline 
matter.    In  this  state  it  is  a  thick  glairy  fluid,  insipid,  inodor- 
ous, and  easily  miscible  with  cold  water,  in  a  sufficient  quantity 
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of  which  it  is  completely  dissolved.  When  exposed  in  thin 
layers  to  a  current  of  air,  it  dries,  and  becomes  a  solid 
transparent  substance,  which  retains  its  solubility  in  water, 
and  may  be  preserved  for  any  length  of  time  without  change; 
but  if  kept  in  its  fluid  condition,  it  readily  putrefies.  From  the 
free  soda  which  they  contain,  albuminous  liquids  have  always 
an  alkaline  reaction. 

1123.  Liquid  albumen  is  coagulated  by  heat,  alcohol,  and  the 
stronger  acids.  Undiluted  albumen  is  coagulated  by  a  tem- 
perature of  160^,  and  when  diluted  with  water  at  212^.  Water 
which  contains  only  1  1000th  of  its  weight  of  albumen  is  ren- 
dered opaque  by  boiling.  On  this  property  is  founded  the 
method  of  clarifying  by  means  of  albuminous  solutions ;  for  the 
albumen  being  coagulated  by  heat,  entangles  in  its  substance 
all  the  foreign  particles  which  are  not  actually  dissolved,  and 
carries  them  with  it  to  the  surface  of  the  liquid.  The  character 
of  being  coagulated  by  hot  water  distinguishes  albumen  from 
all  other  animal  fluids. 

1124.  Albumen  is  precipitated  by  several  reagents,  especially 
by  metallic  salts.  Of  these  the  most  delicate  as  a  test  is  corro- 
sive sublimate,  which  causes  a  milkiness  when  the  albumen  is 
diluted  with  2000  parts  of  water.  Other  metallic  solutions, 
especisdly  solution  of  ferrocyanide  of  iron,  produce  a  similar 
effect 

Albumen  coagulates  without  appearing  to  undergo  any 
change  of  composition,  but  it  is  quite  insoluble  in  water,  and  is 
less  liable  to  putrefy  than  in  its  liquid  state.  It  is  dissolved  by 
alkalies  with  disengagement  of  ammonia,  and  is  precipitated 
from  its  solution  by  acids. 

1125.  Kane  gives  the  following  formula  for  albumen,  CsooHgsoNioo 
Oa40-f-I'S4  (897),  by  which  it  will  be  seen  that  it  differs  in  composition 
from  fibrin  only  in  containing  2  additional  equivalents  of  sulphur. 

It  has  been  suggested  that  fibrin  and  albumen  are  compounds  ofproteine^ 
a  compound  radical,  the  composition  of  which  is  expressed  by  the  formula 
C4oH3|N50i2.  If  we  let  Prt  be  the  symbol  for  this  radical,  the  formula 
for  fibrin  then  will  become  Prtao+PSo,  that  of  albumen  Prtoo-|~PS4. 

1126.  Gelatin. — Gelatin  exists  abundantly  in  many  of  the 
solid  parts  of  the  body,  especially  in  the  skin,  cartilages,  ten- 
dons, membranes,  and  bones. 

Gelatin  is  distinguished  from  all  animal  principles  by  its 
ready  solubility  in  boiling  water,  and  by  the  solution  forming 
a  budky,  semi-transparent,  tremulous  jelly  as  it  cools.  Its  ten- 
dency to  gelatinize  is  such,  that  one  part  of  gelatin,  dissolved 
in  100  parts  of  water,  becomes  solid  in  cooling.  This  jelly  is 
a  hydrate  of  gelatin,  and  contains  so  much  water  that  it  readily 
liquefies  when  warmed.  On  expelling  the  water  by  a  gentle 
heat,  a  brittle  mass  is  left,  which  retains  its  solubility  in  hot 
water,  and  may  be  preserved  for  any  length  of  time  without 
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change.  Jelly,  on  the  contrary,  soon  becomes  aoid  by  keeping, 
and  then  putrefies. 

1127.  The  common  gelatin  of  commerce  is  the  well-known 
cement  called  ^/ue,  which  is  prepared  by  boiling  cuttings  of 
parchment,  or  the  skins,  ears,  and  hoofs  of  animals,  and  evapo- 
rating the  solution :  it  may  also  be  prepared  from  bones.  Isin- 
glass, which  is  the  purest  variety  of  gelatin,  is  prepared  firom 
the  sounds  of  fish  of  the  genus  acipenser,  especially  from  the 
sturgeon.  The  animal  jelly  of  the  confectioners  is  made  firom 
the  feet  of  calves,  the  tendinous  and  ligamentous  parts  of  which 
yield  a  large  quantity  of  gelatin. 

Gelatin  is  insoluble  in  alcohol,  but  is  dissolved  readily  by 
most  of  the  diluted  acids,  which  form  an  excellent  solvent 
for  it. 

1128.  Gelatin  manifests  little  tendency  to  unite  with  metallic 
oxides.  Corrosive  sublimate  and  acetate  of  oxide  of  lead  do 
not  occasion  any  precipitate  in  a  solution  of  gelatin,  and  the 
salts  of  tin  and  silver  affect  it  very  slightly.  The  best  precipi- 
tant for  it  is  tannic  acid.  By  means  of  an  infusion  of  gallnuts, 
Bostock  detected  the  presence  of  gelatin  when  mixed  with  6000 
times  its  weight  of  water ;  and  its  quantity  may  even  be  esti- 
mated approximately  by  this  reagent.  But,  since  other  animal 
substances,  as  for  example  albumen,  are  precipitated  by  tannic 
acid, -it  cannot  be  relied  on  as  a  test  of  gelatin.  The  best 
character  for  this  substance  is  that  of  solubility  in  hot  water, 
and  of  forming  a  jelly  as  it  cools. 

The  composition  of  gelatin  is  expressed  by  the  following  for- 
mula: C  aHjoNoO,. 

1129.  Bones. — The  bones  of  animals  consist  of  earthy  salts, 
chiefly  phosphate  of  lime  (503),  and  animal  matter  intimately 
blended,  the  former  of  which  are  designed  for  giving  solidity 
and  hardness,  and  the  latter  for  agglutinating  the  earthy  par- 
ticles. The  animal  substances  are  chiefly  cartilage,  gelatin,  and 
a  peculiar  fatty  matter  called  marrow.  On  reducing  bones  to 
powder,  and  digesting  them  in  water,  the  fat  rises  and  swims 
upon  its  surface,  while  the  gelatin  is  dissolved.  By  digesting 
bones  in  dilute  hydrochloric  acid,  the  earthy  salts  are  dissolved, 
and  a  flexible  mass  remains  which  retains  the  original  figure 
of  the  bone,  and  consists  of  gelatin  and  cartilage:  the  former 
is  by  far  the  most  abundant,  since  nearly  the  whole  may  be 
dissolved  in  boiling  water,  and  yields  a  solution  possessed  of 
all  the  properties  of  gelatin.  The  animal  matter  of  bones  is 
formed  before  the  earthy  matter,  and  constitutes  the  nidus  in 
which  the  latter  is  deposited. 

1130.  When  bones  are  heated  in  close  vessels,  a  large  quan- 
tity of  carbonate  of  ammonia,  some  fetid  empyreumatic  oil,,and 
the  usual  inflammable  gases,  pass  over  into  the  recipient ;  while 
a  mixture  of  charcoal  and  earthy  matter,  called  animal  char- 
coal, remains  in  the  retort.    If,  on  the  contrary,  they  are  heated 
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to  redness  in  an  open  fire,  the  charcoal  is  consumed,  and  a 
pure  white  friable  earth  is  the  sole  residue. 

According  to  the  analysis  of  Berzelius,  100  parts  of  dry  human 
bones  consist  of  animal  matters  33.3,  phosphate  of  lime  51.04, 
carbonate  of  lime  11.3,  fluoride  of  calcium  2,  phosphate  of  mag- 
nesia 1.16,  and  soda,  chloride  of  sodium,  and  water,  1.2. 

1131.  Teeth  are  composed  of  the  same  materials  as  bone; 
but  the  enamel  dissolves  completely  in  dilute  nitric  acid,  and, 
therefore,  is  free  from  cartilage.  From  the  analysis  of  Pepys, 
the  enamel  contains  78  per  cent,  of  phosphate  and  6  of  car- 
bonate of  lime,  the  residue  being  probably  gelatin.  The  com- 
position of  ivory  is  similar  to  that  of  the  bony  matter  of  teeth 
in  general. 

The  shells  of  eggs  and  the  covering  of  crustaceous  animals, 
such  as  lobsters,  crabs,  and  the  star-flsh,  consist  of  carbonate 
and  a  little  phosphate  of  lime  and  animal  matter.  The  shells 
of  oysters,  muscles,  and  other  molluscous  animals,  consist 
almost  entirely  of  carbonate  of  lime  and  animal  matter,  and  the 
composition  of  pearl  and  mother  of  pearl  is  similar. 

1132.  Horn  differs  from  bone  in  containing  only  a  trace  of 
earth.  It  consists  chiefly  of  gelatin  and  a  cartilaginous  sub- 
stance like  coagulated  albumen.  The  composition  of  the  nails 
and  hoofs  of  animals  is  similar  to  that  of  horn ;  and  the  cuticle 
belongs  to  the  same  class  of  substances. 

1133.  Tendons  appear  to  be  composed  almost  entirely  of 
gelatin ;  for  they  are  soluble  in  boiling  water,  and  the  solution 
yields  an  abundant  jelly  on  cooling.  The  composition  of  the 
true  skin  is  nearly  the  same  as  that  of  tendons.  Membranes 
and  ligaments  are  composed  chiefly  of  gelatin,  but  they  also 
contain  some  substance  which  is  insoluble  in  water,  and  is 
similar  to  coagulated  albumen. 

1134.  According  to  the  analysis  of  Vauquelin,  the  principal  ingredient  of 
hair  is  a  peculiar  animal  substance,  insoluble  in  water  at  212°,  but  which 
may  be  dissolved  in  that  liquid  by  means  of  Papin*s  digester,  and  is  soluble 
in  a  solution  of  potassa.  Besides  this  substance,  hair  contains  oil,  sulphur, 
silica,  iron,  manganese,  and  carbonate  and  phosphate  of  lime.  The  color 
of  the  hair  depends  on  that  of  its  oil ;  and  the  effect  of  metallic  solutions, 
such  as  nitrate  of  oxide  of  silver,  in  staining  the  hair,  is  owing  to  the  pre- 
sence  of  sulphur. 

The  composition  of  wool  and  feathers  appears  analogous  to  that  of  hair. 
The  quill  part  of  the  feather  was  found  by  Hatchett  to  consist  of  coagulated 
albumen. 

1135.  The  flesh  of  animals,  or  muscle^  consists  essentially  of  fibrin;  but 
independently  of  this  principle  it  contains  several  other  ingredients,  such 
as  albumen,  gelatin,  a  peculiar  extractive  matter  called  osmazome,  fat,  and 
salts,  substances  which  are  chiefly  derived  from  the  />lood,  vessels,  and  cel- 
lular membrane,  dispersed  through  the  muscles.  On  macerating  flesh  cut 
into  small  fragments,  in  successive  portions  of  cold  water,  the  albumen, 
osma7X)me,  and  salts  are  dissolved  ;  and  on  boiling  the  solution,  the  albu- 
men is  coagulated.     From  the  remaining  liquid  the  osmazome  ma]f  be 
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obtained  in  a  aeparate  atate  by  eTapormting  to  the  oonaiatenee  of  an  extract, 
and  treating  it  with  cold  alcohol  By  the  action  of  boiling  water,  the 
gelatin  of  the  moscle  ia  dinolved,  the  fat  melta  and  risea  to  the  surface  of 
the  water,  and  pure  fibrin  remaina. 

1136.  The  characteristic  odor  and  taste  of  soup  are  owing  to  the  osma* 
some.  This  substance  b  of  a  yellowish-brown  color,  and  is  distinguished 
from  the  other  animal  principles  by  solubility  in  water  and  aloohol,  who. 
ther  cold  or  at  a  boiling  temperature,  and  by  not  forming  a  jelly  when  its 
aolution  is  concentrated  by  evaporation.  Like  gelatin  and  albumen,  it 
yields  a  precipitate  with  infusion  of  gall-nuts. 

1137.  The  substance  of  the  brain,  nerves,  and  spinal  marrow  differs  firom 
that  of  all  other  animal  textures.  The  most  exact  analyses  of  the  brain  that 
we  possess,  are  those  of  Lassaigne.  The  different  colored  portions  differ 
essentially  in  their  nature,  but  are  composed  chiefly  of  water,  albumen,  a 
fatty  matter,  and  traces  of  phosphates  and  other  salts. 

The  presence  of  albumen  accounts  for  the  partial  solubility  of  the  brain 
in  cold  water,  and  for  the  solution  being  coagulated  by  heat,  acids,  alcohol, 
and  by  the  metallic  salts  which  coa^Iate  other  albuminous  fluids.  By 
acting  upon  cerebral  matter  with  boiling  alcohol,  the  fatty  principles  and 
osmazomc  are  dissolved,  and  the  solution  in  cooling  depositee  the  white 
fatty  matter  in  the  form  of  crystaline  plates.  On  expelling  the  alcohol  by 
evaporation,  and  treating  the  residue  with  cold  alcohol,  the  osmazome  is 
taken  up,  and  a  flxed  oil  remains  of  a  reddish-brown  color,  and  an  odor 
like  that  of  the  brain  itself,  though  much  stronger.  These  two  species  of 
hi  differ  little  from  each  other,  and  both  yield  phosphoric  acid  when 
deflagrated  with  nitre. 

1138.  Animal  Oils  and  Fats. — The  fatty  principles  derived 
from  the  bodies  of  animals  are  very  analogous  in  composition 
and  properties  to  the  vegetable  fixed  oils,  (1058);  and  where 
the  latter  are  comparatively  expensive,  the  former  are  employed, 
both  for  the  purpose  of  giving  light,  and  for  the  manufacture  of 
soap.  Their  ultimate  elements  are  carbon,  hydrogen,  and 
oxygen ;  and  most  of  them,  like  the  vegetable  fixed  oils,  consist 
of  two  or  more  definite  compounds,  such  as  stearine,  marga- 
rine, oleine,  &c.,  in  a  state  of  combination.  From  these 
the  stearic,  oleic,  margaric,  &c.  acids  are  formed,  which  have 
already  been  described,  (952). 

1 1 39.  Train  Oil. — Train  oil  is  obtained  by  means  of  heat  from 
the  blubber  of  the  whale,  and  is  employed  extensively  in  mak- 
ing oil  gas,  and  for  burning  in  common  lamps.  It  is  generally 
of  a  reddish  or  yellow  color,  emits  a  strong  unpleasant  odor, 
and  has  a  considerable  degree  of  viscidity,  properties  which 
render  it  unfit  for  being  burned  in  Argand  lamps,  and  which  are 
owing  partly  to  the  heat  employed  in  its  extraction,  and  partly 
to  the  presence  of  impurities.  By  purification,  indeed,  it  may 
be  rendered  more  limpid,  and  its  odor  less  offensive;  but  it  is 
always  inferior  to  spermaceti  oil. 

1140.  Spermaceti. — This  inflammable  substance  is  obtained 
from  the  ratty  matter  contained  in  the  bony  cavity  of  the  head 
of  the  whale,  {Physeter  macrocepalits).     On  subjecting  this 
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stibstance  to  pressure,  a  quantity  of  pure  limpid  oil  is  ex- 
pressed, called  spermaceti  oil ;  and  the  remainder,  after  being 
melted,  strained,  and  boiled  with  a  solution  of  potassa,  is  the 
solid  spermaceti.  It  occurs  in  crystaline  plates  of  a  white  color 
and  silvery  lustre ;  is  very  brittle,  and  soft,  and  slightly  unctu- 
ous to  the  touch.  It  has  no  taste,  and  scarcely  any  odor.  It 
is  insoluble  in  water,  but  dissolves  in  about  thirteen  times  its 
weight  of  boiling  alcohol,  from  which  the  greater  part  is  de- 
posited on  cooling  in  the  form  of  brilliant  scales.  It  is  still 
mare  soluble  in  ether.  It  is  exceedingly  fusible,  liquefying  at  a 
temperature  which  is  distinctly  below  212^. 

The  spermaceti  of  commerce  always  contains  some  fluid 
oil,  from  which  it  may  be  purified  by  solution  in  boiling  alco- 
hol. To  the  white  crystaline  scales  deposited  from  the  spirit 
as  it  cools,  and  which  is  spermaceti  in  a  state  of  perfect  purity, 
Chevreul  has  given  the  name  cetine, 

1141.  Hogslard. — This  fat  is  of  a  nearly  white  color,  and  the 
fusing  point  of  different  varieties  between  79°  and  88°.  It  pro- 
bably contains  both  stearine  and  margarine  besides  oleine. 
When  saponified,  it  yields  margaric,  stearic,  and  oleic  acids, 
and  glycerine. 

1142.  Suet — This  term  is  applied  to  the  fat  situated  about 
the  loins  and  kidneys,  which  is  less  fusible  than  the  fat  from 
other  parts  of  the  same  animal.  The  suet  from  the  ox  and 
sheep  is  principally  used;  when  separated  by  fusion  from  the 
membrane  in  which  it  occurs,  it  is  called  tallow,  and  is  exten- 
sively employed  in  the  manufacture  of  soap  and  candles.  Beef 
and  mutton  suet  resemble  hogslard  in  their  constituents  and  in 
the  products  of  saponification.  Beef  suet,  when  fused,  congeals 
at  102°,  and  mutton  suet  at  98°  or  a  few  degrees  higher. 


SECTION  II. 

COMPOSITION  OP  THE  BLOOD  AND  PHENOMENA  OF  RESPIRATION. 

1143.  Composition  of  the  Blood, — The  blood  is  distinguished 
from  other  animal  fluids  by  its  color,  which  is  a  florid  red  in 
the  arteries,  and  of  a  dark  purple  tint  in  the  veins.  Its  taste  is 
slightly  saline,  its  odor  peculiar,  and  to  the  touch  it  seems 
somewhat  unctuous.  Its  specific  gravity  is  variable,  but  most 
commonly  it  is  near  1.05;  and  in  man  its  temperature  is  about 
98°  or  100°.  While  flowing  in  its  vessels,  or  when  recently 
drawn,  it  appears  to  the  naked  eye  as  a  uniform  homogeneous 
liquid;  but  if  examined  with  a  microscope  of  sufficient  power, 
numerous  red  particles  of  a  globular  form  are  seen  floating  in 
nearly  a  colorless  fluid. 

When  the  blood  is  withdrawn  from  the  system,  these  glo- 
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bules  contract  into  a  solid  mass  or  coa^^ttm^  which  entirely 
separates  on  standing  from  the  liquid  9erum,  This  is  a  thin 
yellowish  liquid,  of  sp.  gr.  about  1.03,  and  coagulates  when 
heated  to  about  140*^.  It  has  a  slight  allLaline  reaction,  owing 
to  the  presence  of  soda,  and  contains  a  considerable  quantity 
of  albumen. 

In  ttie  living  body  the  blood  also  contains  fibrin  in  solution, 
which,  however,  soon  separates  from  the  coagulum  after  its 
extraction  from  the  system.  Various  salts  also  are  found,  as 
common  salt,  phosphates  of  lime,  magnesia,  and  ammonia,  and 
lactates  of  soda  and  magnesia. 

1144.  The  relative  proportion  of  the  ingredients  of  the  blood 
must  necessarily  vary  independent  of  disease  even  in  the  same 
individual,  according  as  the  nutrition  is  scanty  or  abundant 
Slight  variations  are  also  occasioned  by  difference  of  age  and 
sex. 

1145.  The  coloring  matter  of  the  blood,  to  which  the  term 
hematosine  is  appli^,  is  so  analogous  in  most  of  its  che- 
mical relations  to  albumen,  that  its  complete  separation  from 
it  is  attended  with  great  difficulty.  It  is  obtained  nearly  pure 
by  cutting  the  clot  of  blood  into  very  thin  slices  with  a  sharp 
knife,  soaking  them  repeatedly  in  distilled  water,  and  letting 
them  drain  oh  bibulous  paper  after  each  immersion :  the  slices 
are  then  broken  up  in  distilled  water  with  a  stick,  briskly  stir- 
ring in  order  to  dissolve  the  coloring  matter ;  and  the  filtered 
solution  is  evaporated  to  dryness  in  shallow  capsules  or  dishes 
at  a  temperature  of  80^  or  100*^. 

Soluble  hematosine,  when  quite  dry,  is  black,  with  a  lustre 
like  jet  in  mass  and  red  in  powder  or  in  thin  layers,  is  insipid 
to  the  taste,  and  inodorous.  In  cold  water  it  readily  dissolves, 
forming  a  red  liquid,  whieh  may  be  preserved  without  change 
for  months.  Its  solution,  like  that  of  albumen,  may  be  coagu- 
lated by  heat  as  already  mentioned ;  but  when  quite  dry,  it 
may  be  heated  to  212^  without  being  rendered  insoluble.  Al- 
cohol and  acids  likewise  precipitate  it:  the  latter  deei>en  its 
tint,  and  fall  in  combination  with  it:  but  the  compounds  of  he- 
matosine with  the  muriatic,  sulphuric,  and  acetic  acid  may  be 
dissolved  in  water  by  means  of  an  excess  of  their  acid.  The 
alkalies  do  not  precipitate  the  aqueous  solution  of  hematosine ; 
but  its  solution  in  hydrochloric  acid  yields  red  flocks  on  the 
addition  of  ammonia. 

Hematosine  consists  of  carbon,  hydrogen,  nitrogen,  oxygen, 
and  iron,  and  its  formula,  according  to  the  best  analyses,  is 
C4-,H22N306Fe. 

1146.  From  the  presence  of  iron  in  hematosine,  and  its  total 
absence  in  the  other  principles  of  the  blood,  chemists  were  in- 
duced to  suspect  that  its  peculiar  color  is  in  some  way  pr 
other  produced  by  that  metal,  an  idea  which  received  additional 
support  from  the  known  tendency  of  peroxide  of  iron  to  form 
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salts  of  a  red  color.    But  this  view,  though  plausible  on  these 
grounds,  is  in  other  respects  improbable. 

The  iron  in  reality  is  to  be  considered  as  an  integral  part 
of  the  organic  constitution  of  the  substance.  It  amounts  to 
nearly  7  per  cent,  of  the  hematosine. 

1 147.  Although  hematosine  is  the  coloring  material  of  the 
globules  of  blood,  it  is  present  only  in  small  quantity,  100  parts 
of  dried  globules  containing  but  4  or  5  of  pure  hematosine.  A 
solution  of  the  colored  globules  in  water,  when  exposed  to  the 
air,  becomes  of  a  brighter  red  color,  being  thus  partially  affected 
in  the  same  manner  as  in  the  passage  of  the  blood  through  the 
lungs  of  the  living  animal.  The  solution  coagulates  when 
heated  to  155°. 

1148.  The  coagulation  of  the  blood  consists  in  the  aggluti- 
nation of  the  fibrin  it  contains,  and  perhaps  some  essential 
change  in  the  arrangement  of  its  particles  in  consequence  of 
the  loss  of  vitality.  The  time  required  for  the  coagulation  of 
the  blood  depends  much  upon  temperature,  being  promoted  by 
heat  and  retarded  by  cold.  It  has  been  found  that  blood  which 
begins  to  coagulate  in  four  minutes  and  a  half  in  an  atmosphere 
of  63°,  undergoes  the  same  change  in  two  minutes  and  a  half 
at  98° ;  and  that  which  coagulates  in  four  minutes  at  98°,  will 
become  solid  in  one  minute  at  120°.  On  the  contrary,  blood 
which  coagulates  firmly  in  five  minutes  at  60°,  will  remain 
quite  fluid  for  twenty  minutes  at  the  temp)erature  of  40°,  and 
require  upwards  of  an  hour  for  complete  coagulation. 

1149.  The  process  of  coagulation  is  influenced  by  exposure 
to  the  air.  If  atmospheric  air  be  excluded,  as  by  filling  a  bottle 
completely  with  recently  drawn  blood,  and  closing  the  orifice 
with  a  good  stopper,  coagulation  is  retarded.  It  is  singular, 
however,  that  if  blood  be  confined  within  the  exhausted 
receiver  of  an  air-pump,  the  coagulation  is  accelerated. 

Some  substances  prevent  the  coagulation  of  blood.  This 
effect  is  produced  by  a  saturated  solution  of  chloride  of  sodium, 
hydrochlorate  of  ammonia,  nitre,  and  a  solution  of  potassa. 
The  coagulation,  on  the  contrary,  is  promoted  by  alum  and 
the  sulphates  of  the  oxides  of  zinc  and  copper.  The  blood  of 
persons  who  have  died  a  sudden  violent  death,  by  some  kinds 
of  poison,  or  from  mental  emotion,  is  usually  found  in  a  fluid 
state.  Lightning  is  said  to  have  a  similar  effect ;  but  the  point 
seems  not  to  be  entirely  settled. 

The  cause  of  the  coagulation  of  the  blood  has  been  the  sub- 
ject of  much  speculation  among  physiologists,  and  is  as  much 
a  question  at  the  present  time  as  it  ever  was.  The  reason 
why  the  blood  retains  its  fluidity,  coursing  its  way  through  the 
various  minute  ramificaiions  of  the  system,  during  life,  but  im- 
mediately coasrulates  when  the  vital  principle  has  fled,  yet 
remains  one  of  the  profound  mysteries  of  nature. 

All  we  can  say  is,  the  blood,  whilst  in  connection  with  the 
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In  his  treatis<?  on  the  blood,  has  the  merit  of  proviog  the  ga 
matter  of  Ihe  scrum  to  be  esaenlial  to  the  phenomenon.    Vw 
uus  salts,  such  as  nitre,  chloi'iite  ofpotassa,  sea-salt,  and  im 
bonale  of  soda,  have  the  property  of  giving  to  heraatosirK,!   ^;j, 
the  coloring  principle  of  the  blood,  a  bright  red  tint,  far  nw    ,  1.1 
florid,  when  a  strong  saline  solution  is  used,  Chan  arterial  Uoc    <|^ 
A  saline  solution  ol  the  requisite  stren^ith  gives  to  venoiisblv     „ 
the  arterial  tint,  without  exposure  to  the  air;  but  the  sen    ,  ^ 
contains  so  small  aquantttyof  salt  that  its  eflect  becomes  visa    ^^ 
only  when  aided  by  tlie  agency  of  the  atmosphere.    A  clot 
venous  blood,  when  carefully  separated  from  its  serum,  U 1 
brightened  by  oxygen  gas ;  and  arterial  blood,  when  its  sen    ■  a 
is  displaced  by  pure  water,  becomes  as  dark  as  venous  h'"' 
Hence  it  may  be  inferred  that  the  change  from  venous  to 
rial  blood  consists  of  two  parts,  which  are  essentially  distiindlbt-l 
one  is  attended  with  the  direct  absorption  of  oxygen,  and  tsEp 
evolution  of  carbonic  acid  pre-eiiisting  in  venous  blood,  bA\1 
action  essential  to  life;  and  the  other,  the  most  conspicuoUMc< 
but  probably  the  least  essential,  is  the  effect  of  Che  saline  partilci 
of  the  serum,  which  impart  a  florid  lint  to  the  coloring  matter    1 
after  the  former  change  has  occurred.    By  what  means  the    : 
absorption  of  oxygen  givea  rise  to  the  evolution  of  carbonic    ; 
acid,  is  a  question  which,  like  others  that  will  occur  to  the 
attentive  reader,  has  not  been  sufficiently  explained,  and  invilM 
further  investigation. 

1155,  The  same  changes  which  occur  in  blood  out  of  the  I 
body  are  continually  taking  place  within  it.  During  respira-  ^ 
tion,  venous  blood  is  exposed  in  the  longs  to  the  agency  of  the  ; 
air  and  is  arterialized,  oxygen  gas  disappears,  and  carbomc  ' 
acid  is  evolved ;  and  it  is  remarkable  that  these  plicnomm  ', 
ensue  not  only  during  life,  but  even  after  death,  provided  the 
respiratory  process  be  pieserved  artificially.  Since,  therelbrc; 
all  the  characteristic  phenomena  of  arterialization  are  the  same  1 
in  a  living  and  in  a  dead  animal,  and  whether  the  blood  is  i^'~ 
not  contained  in  the  body,  it  seems  legitimate  to  infer  thatfl 
process  is  not  necessarily  dependent  on  the  vital  principle,? 
is  solely  deternifned  by  the  laws  of  chemical  action. 

The  absorption  of  oxygen  and  the  evolution  of  c 

acid  gas  during  respiration  have  been  long  known,  but  many  I 
of  the  attending  circumstances  yet  remain  unsettled, 

1155.  The  quantity  of  oxygen  withdrawn  finm  the  atnw-  J 
sphere,  and  of  carbonic  acid  disengaged,  is  variable  in  different  | 
individuals,  and  in  the  same  Individual  at  different  times.  F 
the  observations  of  Prout,  it  appears  that  the  quantity  of  d 
bonic  acid  emitted  from  the  lungs  is  variable  at  particql 
periods  of  the  day,  and  in  particular  states  of  the  system.  J 
13  more  abundant  during  the  day  than  the  night ;  about  dC 
break  it  begins  to  increase,  continues  to  do  so  till  about  nofl 
and  then  decreases  until  sunset.    During  the  night  it  Geema^ 
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^:inain  uniformly  at  a  minimum  ;  and  the  maximum  quantity 
rven.  off  at  noon  exceeds  the  minimum  by  about  one-fifth  of 
c  whole.  The  quantity  of  carbonic  acid  is  diminished  by  any 
ibilitating  causes,  such  as  low  diet,  depressing  passions,  and 
e  like. 
p^^^^  1167.  Although  in  respiration  the  arterialization  of  the  blood 
£^y  means  of  free  oxygen  is  the  essential  change,  without  the 
g^tie  performance  of  which  the  life  of  warm-blooded  animals 
[.^^nnot  be  preserved  beyond  a  few  minutes,  and  which  is 
jj. likewise  necessary  to  the  lowest  of  the  insect  tribe,  it  is  im- 
^^ortant  to  determine  whether  the  nitrogen  of  the  atmosphere 
;  fcas  any  influence  in  the  function.  The  results  of  different 
Inquirers  differ  considerably ;  but  it  is  now  well  ascertained 
"  that  nitrogen  is  sometimes  at  least  absorbed,  and  the  proba- 
I  l>illty  is,  it  is  not  entirely  passive  in  the  important  functions  of 
P  irespiration. 

^  1 158.  Two  theories  have  been  proposed  to  explain  the  pheno- 
mena of  respiration.  According  to  one  theory  the  carbonic 
acid  found  in  the  respired  air  is  actually  generated  in  the 
lungs  themselves;  while,  according  to  the  other,  this  gas  is 
thought  to  exist  ready  formed  in  the  blood,  and  to  be  merely 
thrown  off  from  that  liquid  during  its  distribution  through  the 
'     lungs. 

It  is  now  very  well  ascertained  that  the  oxygen  of  the  air  in 
the  lungs  is  absorbed  by  the  blood,  and  carried  by  the  circula- 
"^     tion  to  every  part  of  the  body,  where  it  combines  with  the 
^    carbon  which  is  present  in  excess,  producing  the  carbonic  acid 
-^   that  is  thrown  off  in  the  lungs.  It  is  found  by  examination  that 
^     both  arterial  and  venous  blood  hold  in  solution  quantities  of 
t    oxygen,  nitrogen,  and  carbonic  acid ;  but  in  arterial  blood  the 
quantity  of  oxygen  is  much  greater  in  proportion  to  the  car- 
bonic acid  than  in  venous  blood,  while  the  quantity  of  nitrogen 
is  the  same  in  both. 

Formerly  it  was  not  known  how  the  air  is  able  to  act  upon 
the  blood  in  the  lungs,  inasmuch  as  the  air-cells  and  those  con- 
taining the  blood  are  separated  from  each  other  by  membranes ; 
but  it  is  now  fully  settled  that  animal  and  other  membranes 
are  permeable  by  the  different  gases  (409). 

1159.  Animal  Heat. — It  has  long  been  known  that  there  is  a 
close  connection  between  the  function  of  respiration  and  the 
development  of  heat  in  the  animal  system,  though  the  precise 
nature  of  this  connection  is  not  even  now  fully  understood. 

Thus  in  all  animals  whose  respiratory  organs  are  small  and 
imperfect,  and  which,  therefore,  consume  but  a  comparatively 
minute  quantity  of  oxygen,  and  generate  little  carbonic  acid, 
the  temperature  of  the  blood  varies  with  that  of  the  medium  in 
which  they  live.  In  warm-blooded  animals,  on  the  contrary, 
in  which  the  respiratory  apparatus  is  larger,  and  the  chemical 
changes  more  complicated,  the  temperature  is  almost  uniform ; 
36 


423  MANUAL    OV    C^EMISTmT. 

and  thoRo  have  the  highest  temperature  whose  lungs,  in  pro- 
IMM  tion  to  the  size  of  their  bodies,  are  largest,  and  which  coD' 
smiii*  rho  frn*atrst  quantity  of  oxygen.  The  temperature  of 
iUi*  s;iiiie  animal  at  different  times  is  connected  with  the  state 
of  the  re.s])! ration.  When  the  blood  circulates  sluggishly,  and 
the  tem)>oratiire  is  low,  the  quantity  of  oxygen  consumed  is 
coiii|)arative]y  small ;  but,  on  the  contrary,  aJarge  quantity  (A 
that  pis  disappears  when  the  circulation  is  brisk  and  the  power 
of  jroneratin^  heat  energetic  It  has  also  been  observed,  that 
when  an  animal  is  placed  in  a  very  warm  atmosphere,  so  as  to 
require  little  heat  to  be  generated  within  his  own  body,  the 
consumption  of  oxygen  is  unusually  small,  and  the  blood  within 
the  veins  retains  the  arterial  character. 

1160.  The  first  cnnsutent  theory  of  the  production  of  animal  heat  was 
proposed  by  Oawfurd.  Tliis  theory  was  founded  on  the  assumption  that 
the  carbonic  acid  contained  in  the  breath  b  generated  in  the  Jungs,  and 
that  its  formation  is  accompanied  with  disengagement  of  caloric.  Bat 
since  the  tcm{)cruture  of  the  lungs  is  not  higher  tJian  that  of  other  internal 
organs,  and  arterial  very  little  if  at  all  wanner  than  Tenons  blood,  it  follows 
that  tiie  greater  part  of  the  caloric,  instead  of  becoming  free,  most  in  some 
way  or  other  bo  rendered  insensible.  Accordingly,  on  comparing  the  spe- 
cific caloric  of  arterial  and  Tenous  Uood,  Crawford  fonnd  the  capacity  of 
the  former  to  excrcd  that  of  the  latter  in  the  ratio  of  1030  to  892.  He, 
therefore,  inferred  that  the  dark  blood  within  the  veins,  at  the  moment  of 
being  arterialized,  acquires  an  increase  of  insensible  caloric ;  and  that  while 
circulating  through  the  body,  and  gradually  resuming  the  venous  character, 
it  suffers  a  diminution  of  capacity  and  evolves  a  proportional  degree  of 
heat. 

Unfortunately  for  this  hypothesis  of  Crawford,  beautiful  as  it  is,  it  seems 
not  to  be  sustained  by  facts.  It  is  very  well  ascertained  that  there  is  little 
if  any  difference  in  the  capacities  for  caloric  of  venous  and  arterial  blood; 
and  if  it  is  so,  the  hypothesis  of  course  falls  to  the  ground. 

1161.  Other  theories  have  been  proposed,  but  none  of  them  appear  to 
have  been  gcnerallj  received.  Some  physiologists  have  even  denied  that 
there  is  any  connection  between  animal  heat  and  respiration,  and  ascribed 
the  evolution  of  heat  in  the  system  entirely  to  the  influence  of  the  nervous 
system;  but  this  is  probably  erroneous.  The  probability  is  entirely  in  favor 
of  the  opinion  that  the  temperature  of  the  system  is  kept  up  neither  by  re- 
spiration or  nervous  influence  alone,  but  bj  the  two  combined,  aided  per- 
haps  by  other  functions. 


SECTION  III. 
CHEMICAL  PHENOMENA  OF  DIGESTION. 

1 162.  The  phenomena  of  digestion  are  various  and  compli- 
cated, and  are  produced  by  the  joint  action  of  several  sub- 
stances, as  the  saliva,  the  gastric  juice,  and  the  bile. 

1163.  Saliva. — The  saliva  is  a  slightly  viscid  liquor,  secreted 
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by  the  salivary  glands.  When  mixed  with  distilled  water,  a 
flaky  matter  subsides,  which  is  mucus,  derived  apparently  from 
the  lining  membrane  of  the  mouth.  The  clear  solution,  when 
exposed  to  the  agency  of  galvanism,  yields  a  coagulum,  and  is 
hence  inferred  to  contain  albumen ;  but  the  quantity  of  this 
principle  is  so  very  small,  that  its  presence  cannot  be  demon- 
strated by  any  other  reagent.  The  greater  part  of  the  animal 
matter  remaining  in  the  liquid  is  peculiar  to  the  saliva,  and 
may  be  termed  salivary  matter.  It  is  soluble  in  water,  insolu- 
ble in  alcohol,  and  when  freed  from  the  accompanying  salts, 
is  not  precipitated  by  subacetate  of  lead,  corrosive  sublimate, 
or  infusion  of  gall-nuts. 

The  only  known  use  of  the  saliva  is  to  form  a  soft  pulpy 
mass  with  the  food  during  mastication,  so  as  to  reduce  it  into 
a  state  fit  for  being  swallowed  with  facility,  and  for  being  more 
readily  acted  on  by  the  juices  of  the  stomach. 

Concretions  are  sometimes  found  in  the  salivary  glands  and 
ducts  of  animals,  but  not  often  in  the  human  subject.  The 
deposition  of  tartar,  as  it  is  called,  upon  the  teeth  takes  place 
chiefly  or  wholly  from  the  saline  and  other  substances  con- 
tained in  the  saliva. 

1164.  Pancreatic  Juice, — This  fluid  has  generally  been  sup- 
posed to  be  analogous  to  tiie  saliva,  but  recent  experiments 
indicate  that  it  is  essentially  diflerent.  The  chief  animal  matters 
are  albumen,  and  a  substance  like  curd ;  but  it  also  contains  a 
small  quantity  of  salivary  matter  and  osmazome.  It  reddens 
litmus  paper,  owing  to  the  presence  of  free  acid,  which  is  sup- 
posed to  be  the  acetic.  Its  salid  are  nearly  the  same  as  those 
contained  in  the  saliva,  except  that  sulphocyanic  acid  is 
wanting. 

1 165.  Gastric  Juice. — The  gastric  juice,  collected  from  the 
stomach  of  an  animal  killed  while  fasting,  is  a  transparent  fluid 
which  has  a  saline  taste,  and  has  neither  an  acid  nor  alkaline 
reaction.  During  the  process  of  digestion,  on  the  contrary,  it 
is  found  to  be  distinctly  acid.  This  effect  is  occasioned  also 
by  the  presence  of  flint  stones  or  other  indigestible  matters ; 
but  it  is  produced  in  a  still  greater  degree  by  substances  (Jf  a 
stimulating  nature.  According  to  observation  the  acidity  is 
owing  to  the  secretion  of  free  hydrochloric  and  acetic  acids. 

1166.  The  gastric  juice  coagulates  milk,  apparently  inconse- 
quence of  the  acid  secreted  during  digestion.  It  is  highly 
antiseptic,  not  only  preventing  putrefaction,  but  rendering  meat 
fresh  after  it  is  tainted.  But  of  all  the  properties  of  the  gastric 
juice,  its  solvent  virtue  is  the  most  remarkable,  being  that  on 
which  depends  the  first  stage  of  the  process  of  digestion. 
When  the  food  is  introduced  into  the  stomach,  it  is  there  inti- 
mately mixed  with  the  gastric  juice,  by  the  agency  of  which 
it  is  dissolved,  and  converted  into  a  semi-fluid  matter  called 
chyme.    That  this  change  is  owing  to  the  solvent  power  of  the 
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pastric  juice  has  been  fully  determined ;  and  it  seems  to  be 
well  c'stablished  as  a  further  fact,  that  the  gastric  juice  secreted 
in  till'  stomachs  of  animals  of  any  species  is  especially  adapted 
ft»r  dissolving  tlie  particular  kind  of  food  upon  which  the  spe- 
ri«'s  usually  fred  Thus  the  gastric  juice  of  animals  that  live 
chiclly  upon  animal  food  is  found  to  possess  the  power  of  dis- 
solving ilvsh  readily,  while  it  is  capable  of  acting  but  slightly 
U|Min  vegetable  substances;  but  in  animals  that  subsist  chiefly 
upon  vegetables,  these  substances  are  readily  dissolved,  though 
little  efleet  is  produced  upon  animal  matter.  The  gastric  juice 
of  the  human  stomach  seems  to  possess  the  power  of  dissolving 
with  ci\uix\  facility  both  animal  and  vegetable  food. 

Greut  divcrnity  of  opinion  has  prevailed  respecting  the  cause  of  the  sol- 
vent prf)|x:rty  ot*  Uic  (rastric  fluid.  But  it  is  now  well  settled  that  it  depends 
upon  a  peculiar  principle  called  pepnne^  secreted  by  the  mucous  membrane 
of  the  iitoiiiuch  and  other  organs,  aided  b^  the  free  acids  above  mentioned, 
(11(m),  which  are  present  in  small  quantity,  and  a  little  common  salt,  and 
hydruchloratc  of  ammonia.  That  the  acids  are  important  is  shown  by  the 
fact  that  the  solvent  power  of  the  juice  is  much  diminished  by  neutralizing 
them  by  magnesia. 

11 67.  Bile. — I'he  bile  is  a  yellow  or  greenish-yellow  colored  fluid,  of  a 
peculiar  sickening  odur,  and  of  a  taste  at  first  sweet  and  then  bitter,  bot 
exc4*edingly  nauseous.  Its  consistence  is  variable,  being  sometimes  limpid, 
but  mure  commonly  viscid  and  ropy.  It  is  rather  denser  than  water,  and 
may  be  mixed  with  that  liquid  in  every  proportion.  It  contains  a  minute 
quantity  of  free  soda,  and  is,  therefore,  slightly  alkaline ;  but  owing  to  the 
color  of  the  bile  itself,  its  action  on  test  paper  is  scarcely  visible. 

The  chemical  constitution  of  the  bile  has  been  a  subject  of  study  by 
many  learned  chemists,  but  has  not  yet  been  satisfactorily  determined.  A 
peculiar  substance  called  pUromel,  seems  to  be  one  essential  ingredient 

I'hc  derangetnent  which  takes  place  in  the  system  when  the  secretion 
of  bile  or  its  passage  in  the  intestines  is  arrested,  is  a  sufficient  indication 
of  the  importance  of  this  fluid.  It  acts  as  a  stimulus  to  the  intestine  canal 
generally,  and  produces  on  the  chyme  some  peculiar  change,  which  is  es- 
sential to  its  conversion  into  chyle. 

11 68.  Chyle, — This  substance  produced  as  just  shown  from  chyme,  is 
absorl>ed  from  the  small  intestines  by  the  lacteal  vessels  during  the  process 
of  digestion.  Its  appearance  differs  in  various  animals ;  but  as  collected 
from  the  thoracic  duct  of  a  mammiferous  animal  three  or  four  hours  after 
a  meal,  it  is  a  white  opaque  fluid  like  (niik,  having  a  sweetish  and  slightly 
saline  taste.  In  a  few  minutes  after  removal  from  the  duct  it  becomes 
solid,  and  in  the  course  of  twenty-four  hours  separates  into  a  firm  coagu- 
]um,  and  a  limpid  liquid  which  may  be  called  the  serum  of  the  chyle. 
The  coagulum  is  an  opaque  white  substance,  of  a  slightly  pink  hue,  insolu- 
ble in  water,  but  soluble  easily  in  the  alkalies  and  alkaline  carbonates. 
Some  sup()08c  it  to  be  fibrin  in  an  imperfect  state,  or  a  kind  of  intermediate 
principle  between  fibrin  and  albumen ;  but  others  believe  it  to  be  more 
nearly  allied  to  the  caseous  matter  of  milk. 

1169.  Cholesterine. — This  name  (from  x^^f  ^^*»  **"d  arepcos  solid)^  is 
applied  to  the  crystaline  matter  which  constitutes  the  basis  of  most  of  the 
oiliary  concretions  formed  in  the  human  subject  It  is  a  white,  brittle 
solid,  of  a  crystaline  lamellated  structure  and  brilliant  lustre,  very  much 
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resembling  spennaceti;  bat  it  is  distinguisbed  from  that  substance  by 
requiring*  a  temperature  of  278°  for  fusion,  and  by  not  being  converlible  into 
Boap  when  digested  in  a  solution  of  potassa.  It  is  free  from  taste  and  odor, 
and  is  insoluble  in  water.  It  dissolves  freely  in  boiling  alcohol,  from  which 
it  is  deposited  on  cooling  in  white  pearly  scales. 

Cholesterine  has  been  detected  in  the  bile  of  man,  and  of  several  of  the 
lower  animals,  such  as  the  ox,  dog,  pig,  and  bear.  It  is  frequently  formed 
in  parts  of  the  body  quite  unconnected  with  the  hepatic  circulation,  and 
appears  to  be  a  common  product  of  deranged  vascular  action,  and  it  is 
believed,  may  be  formed  in  almost  any  part  of  the  system. 


SECTION  IV. 
VARIOUS  ANIMAL  SUBSTANCES  NOT  BEFORE  DESCRIBED. 

1170.  Milk — This  well-known  liquid,  secreted  by  the  females 
of  the  class  mammalia  for  the  nourishment  of  their  young,  con- 
sists of  three  distinct  parts,  the  cream,  curd,  and  whey,  into 
which,  by  repose,  it  spontaneously  separates.  The  cream, 
which  collects  upon  its  surface,  is  an  unctuous  yellowish- white 
opaque  fluid,  of  agreeable  flavor.  According  to  Berzelius,  100 
parts  of  cream  of  specific  gravity  1.0244,  consists  of  butter  4.5, 
caseous  matter  3.5,  and  whey  92.  By  agitation,  as  in  the  pro- 
cess of  churning,  the  butter  assumes  the  solid  form,  and  is  thus 
obtained  in  a  separate  state.  During  the  operation  there  is  an 
increase  of  temperature  amounting  to  about  three  or  four  de- 
grees, oxygen  gas  is  absorbed,  and  an  acid  is  generated ;  but 
the  absorption  of  oxygen  cannot  be  an  essential  part  of  the 
process,  since  butter  may  be  obtained  by  churning  when  atmo- 
spheric air  is  entirely  excluded. 

After  the  cream  has  separated  spontaneously,  the  milk  soon 
becomes  sour,  and  gradually  separates  into  a  solid  coagulum 
called  curd,  and  a  limpid  fluid  which  is  whey.  This  coagula- 
tion is  occasioned  by  free  acetic  acid,  and  it  may  be  produced 
at  pleasure,  either  by  adding  a  free  acid,  or  by  means  of  the 
fluid  known  by  the  name  of  rennet,  which  is  made  by  infusing 
the  inner  coat  of  a  calf's  stomach  in  hot  water.  When  an 
acid  is  employed,  the  curd  is  found  to  contain  some  of  it,  in 
combination,  and  may,  therefore,  be  regarded  as  an  insoluble 
compound  of  an  acid  with  the  caseous  matter  of  milk.  The 
action  of  rennet  requires  further  examination :  it  confessedly 
acts  by  means  of  the  gastric  fluid  which  it  contains,  and  hence 
its  coagulating  power,  consistently  with  the  facts  stated  in  the 
last  section,  is  referable  to  the  acidity  of  that  juice. 

The  curd  of  skim  milk,  made  by  means  of  rennet,  and  sepa- 
rated from  the  whey  by  washing  with  water,  is  generally  con- 
sidered to  be  caseous  matter,  or  the  basis  of  cheese  in  a  state 
of  purity.  In  this  state  it  is  a  white,  insipid,  inodorous  sub- 
36* 


436  MAMIAI.    OP    GBESII 


stance,  insoluble  in  water,  but  readily  aoluble  in  the  alkallea, 
especially  in  Binmonia,  By  alcohol  it  is  converted,  like  albu- 
mrn  ancf  fibrin,  into  an  adipocirous  substance  of  a  fetid  odor; 
and,  like  the  same  substance,  it  may  be  dissolved  by  a.  suffi- 
cient qunniity  of  acetic  acid. 

1171,  tfg-s.—New-laiii  epgs  are  rather  heavier  than  water; 
but  they  tecome  lighter  after  a  time,  in  consequence  of  water 
evaporuting  through  the  pores  of  the  shell,  and  air  being  sul>- 
Btituted  Ibr  it.  An  egg  or  ordinary  size  yields  to  boiling  water 
about  three-tenths  of  a  grain  of  saline  matter,  consisting  of 
the  sulphates,  carbonates,  and  phosphates  of  lime  and  magne- 
sia, together  with  anlmat  matter  and  a  little  free  alkali. 

Of  an  egg  which  weighs  1000  grains,  the  shell  constitutes 
100.9,  the  wliile  G04.2,  and  the  yolk  288.9  grains.  The  shell 
contains  about  two  per  cent,  of  animal  matter,  one  per  cent,  of 
the  phosphates  of  lime  and  magnesia,  and  the  residue  is  carb* 
nale  of  lime  with  a  little  cartranate  of  magnesia. 

The  white  of  eggs  is  composed  chiefly  of  albumen,  but  ca 
tains  also  a  portion  of  sulphur.  The  yolk  contains  aJbume 
a  peculiar  oil,  and  a  large  portion  of  phosphorus,  which 
without  question,  the  source  of  the  phosphoric  acid  contaim 
in  the  bones.  The  source  of  the  lime  in  the  bones  has  a 
been  ascertained. 

117Q.  L^pli. — The  mrfiice  of  Ihe  ccllulor  menibmne  is  moistened  wi 
■  peculiar  limpid  tnuinpirail  fluid  «alkil  lymph,  wliji'h  ia  in  verr  Hnt 
qumlitj  during  bcallh.  but  collects  abundantl;  in  wnie  dropsical  a^etkn 
Btunde  collceled  il  from  the  tliaracic  duct  of  an  aniinul  which  lisd  ba 
kept  without  rood  for  Iwenlj-four  buurs.  lis  chief  conBliluent  ia  Tat 
bceidcB  which  il  caotainB  muriate  of  soda  and  albumen,  the  latter  beinr  , . 
■Uoh  niinute  quaoLil^  thai  il  ia  coagulated  only  bji  the  HCtino  orgalviniMi^ 
Lf  mph  docs  not  affect  the  color  of  test  paper ;  but  when  evaporated  tc  dlj'f 
neu.  the  residue  gives  a  green  lint  to  Ihe  sytup  of  violeln.  i 

The  fluid  Becrcted  b;  seroua  membraneii  in  general,  such  aa  the  perl' 
dium,  pleura,  nnd  perilDnenm,  ia  ver;  similar  to  lymph.  A  aubstanca 
unlike  il  ia  seoreled  io  various  diaeaaea. 

1173,  Human  of  the  Eyr^—The  aqueous  and  vitreous  humors  of  the  ej\ 
contain  rather  more  than  SO  per  cent,  of  water.    The  other  const'       ~ 
■ro  a  Binsit  quaatity  of  albumen,  muiiale  and  accUtc  of  audo,  piir 
though  Bcarcelj  BufBcient  to  affect  [he  color  of  leat  paper,  and  anim 
ter,  aolable  only  in  water,  but  which  ia  no)  gelatin.     Tlie  cryslaiii 
beaidcB  the  usual  anlte,  cuQlains  36  per  cent,  at  a  peculiar  anitaal  . 
very  analogous  to  albumen  if  nnt  idcnticsl  with  it.     In  cold  water  itj 
»)ublc,  but  ia  coagulaltd  bf  hoiling'.     The  coagulum  has  all  the  proptit' 
of  the  coloring  mailer  of  the  blood  excepting  its  color. 

The  tears  arc  limpid  and  of  a  Faline  tasle,  dineolve  frecty  in  water,  K 
owing  tu  Ibe  presence  of  Tree  soda,  communicgle  a  green  lint  to  the  h 
inRisioQ  ofTiDlals.  Their  chief  salts  arc  chloride  ofsuiiium  and  phospiv 
of  soda. 

1174.  Mucii*. — The  lerm  tnucm  has  been  employed  in  very  diffen 
aiouiJiRB lions.  Boetock  applies  it  to  a  peculiar  animal  matter  which 
Huuble  both  in  hot  and  cold  nater,  ia  uol  precipiUled  by  corroaive  Mil 
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mate  or  eolation  of  tannin,  is  not  capable  of  forming  a  jelly,  and  which 
yields  a  precipitate  with  subacetute  of  lead.  But  the  substance  or  sub- 
stances which  have  received  this  name  seem  not  to  be  very  well  defined. 

1175.  Pu8  is  a  fluid  substance  secreted  by  inflamed  and  ulcered  sur- 
faces. Its  properties  vary  according  to  the  nature  of  the  sore  from  which 
it  is  discharged. 

1176.  Sweat. — Watery  vapor  is  continually  passing  off  by  the  skin  in 
the  form  of  insensible  perspiration ;  but  when  the  external  heat  is  consider- 
able, or  violent  bodily  ejcercise  is  taken,  drops  of  fluid  collect  upon  the  sur- 
fiice,  and  constitute  what  is  called  sweat.  This  fluid  consists  chiefly  of 
water ;  but  contains  some  muriate  of  soda  and  free  acetic  acid,  in  conse- 
quence of  which  it  has  a  saline  taste  and  an  acid  reaction. 

1177.  Urine. — The  urine  differs  from  most  of  the  animal 
fluids  which  have  been  described,  by  not  serving  any  ulterior 
purpose  in  the  animal  economy.  It  is  merely  an  excretion  de- 
signed for  ejecting  from  the  system  substances,  which,  by  their 
accumulation  within  the  body,  would  speedily  prove  fatal  to 
health  and  life.  The  sole  office  of  the  kidneys,  indeed,  appears 
to  consist  in  separating  from  the  blood  the  superfluous  matters 
that  are  not  required  or  adapted  for  nutrition,  or  which  have 
already  formed  part  of  the  body,  and  been  removed  by  ab- 
sorption. The  substances  which  in  particular  pass  off  by  this 
organ  are  nitrogen,  in  the  form  of  highly  azotized  products, 
and  various  saline  and  earthy  compounds.  This  sufficiently 
accounts  for  the  great  diversity  of  substances  contained  in 
urine. 

1178.  The  quantity  of  the  urine  is  affected  by  various  causes, 
especially  by  the  nature  and  quantity  of  the  liquids  received 
into  the  stomach ;  but  on  an  average,  a  healthy  person  voids 
between  thirty  and  forty  ounces  daily.  The  quality  of  this  fluid 
is  likewise  influenced  by  the  same  circumstances,  being  some- 
times in  a  very  dilute  state,  and  at  others  highly  concentrated. 
The  urine  voided  in  the  morning  by  a  person  who  has  fed 
heartily,  and  taken  no  more  fluids  than  is  sufficient  for  satis- 
fying thirst,  may  be  regarded  as  affording  the  best  specimen 
of  natural  healthy  urine. 

The  urine  in  this  state  is  a  transparent  limpid  fluid  of  an 
amber  color,  having  a  saline  taste,  and  while  warm  emitting  an 
odor  which  is  slightly  aromatic,  and  not  at  all  disagreeable. 

Its  specific  gravity  is  about  1.022.  It  gives  a  red  tint  to  lit- 
mus paper,  a  circumstance  which  indicates  the  presence  either 
of  a  free  acid  or  of  a  supersalt.  Though  at  first  quite  trans- 
parent, an  insoluble  matter  is  deposited  on  standing;  so  that 
urine,  voided  at  night,  is  found  to  have  a  light  cloud  floating 
in  it  by  the  following  morning.  This  substance  consists  in  part 
of  mucus  from  the  urinary  passages,  and  partly  of  superurate 
of  ammonia,  which  is  much  more  soluble  in  warm  than  in  cold 
water. 
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1 179.  The  urine  is  very  prone  to  spontaneous  decomposition. 
When  kept  for  two  or  three  days,  it  acquires  a  strong  urinous 
smell ;  and  as  the  putrefaction  proceeds,  the  disagreeable  odor 
increases,  until  at  length  it  becomes  exceedingly  ofiensive.  As 
soon  as  these  changes  commence,  the  urine  ceases  to  have  an 
acid  reaction,  and  the  earthy  phosphates  are  deposited.  In  a 
short  time,  a  free  alkali  makes  its  appearance,  and  a  large 
quantity  of  carbonate  of  ammonia  is  gradually  generated. 
Similar  changes  may  be  produced  in  recent  urine  by  continued 
boiling.  In  both  cases  the  phenomena  are  owin^  to  the  decom- 
position of  urea,  which  is  almost  entirely  resolved  into  carbonate 
of  ammonia. 

The  composition  of  urine  is  exceedingly  complicated,  con- 
taining no  less  than  twenty  different  substances.  The  most 
Important  organic  compounds  contained  in  it  are  urea  and  uric 
acid,  which  will  be  described. 

1180.  Urea. — This  substance  is  always  found  in  healthy 
urine,  and,  as  intimated  above  (901),  may  be  prepared  artificially. 
It  is  best  obtained  fromcyanate  of  ammonia,  by  roasting  ferro- 
cyanide  of  potassium,  and  boiling  it  in  a  solution  of  sulphate 
of  ammonia.  The  whole  is  then  to  be  boiled  with  alcohol, 
which  dissolves  out  the  urea,  and  leaves  the  solid  sulphate  of 
potassa.  The  urea  readily  crystalizes,  on  standing,  from  its 
solution  in  alcohol.  Its  crystals  when  pure  are  transparent  and 
colorless,  of  a  slight  pearly  lustre,  and  have  commonly  the 
form  of  a  four-sided  prism.  It  leaves  a  sensation  of  coldness 
on  the  tongue  like  nitre,  and  its  smell  is  faint  and  peculiar,  but 
not  urinous.  Its  specific  gravity  is  about  1.35.  It  does  not 
affect  the  color  of  litmus  or  turmeric  paper.  In  a  moist  atmo- 
sphere it  deliquesces  slightly  ;  but  otherwise  it  undergoes  no 
change  on  exposure  to  the  air. 

1181.  Water  at  &P  dissolves  more  than  its  own  weight  of 
urea,  and  boiling  water  takes  up  an  unlimited  quantity.  It 
requires  for  solution  about  five  times  its  weight  of  alcohol  of 
specific  gravity  0.816  at  60°,  and  rather  less  than  its  own  weight 
at  a  boiling  temperature.  The  aqueous  solution  of  pure  urea 
may  be  exposed  to  the  atmosphere  for  several  months,  or  be 
heated  to  the  boiling  point,  without  change ;  but  on  the  con- 
trary, if  the  other  constituents  of  urine  are  present,  it  putrefies 
with  rapidity,  and  is  decomposed  by  a  temperature  of  212°, 
being  almost  entirely  resolved  into  carbonate  of  ammonia  by 
continued  ebullition. 

The  pure  fixed  alkalies  and  alkaline  earths  decompose  urea, 
especially  by  the  aid  of  heat,  carbonate  of  ammonia  being  the 
chief  product. 

1 182.  Though  urea  has  not  any  distinct  alkaline  properties,  it 
unites  with  the  nitric  and  oxalic  acids,  forming  sparingly  solu- 
ble compounds,  which  crystalize  in  scales  of  a  pearly  lustre. 


ANIMAL     SUBSTANCES.  429 

This  property  affords  an  excellent  test  of  the  presence  of  urea. 
Both  compounds  have  an  acid  reaction,  and  the  nitrate  con- 
sists of  54.(5  parts  or  one  equivalent  of  nitric  acid,  and  60.54 
parts  or  one  equivalent  of  urea. 

The  composition  of  urea  is  exhibited  by  the  following  formula,  N^^^s^a 
H4 :— Eq.  60.54. 

1183.  Uric  Acid. — This  acid  is  a  common  constituent  of  urinary  and 
gouty  concretions,  and  is  always  present  in  healthy  urine,  combined  with 
ammonia  or  some  other  alkali.  The  urine  of  birds  of  prey,  such  as  the 
eagle,  and  of  the  60a  constrictor,  and  other  serpents,  consists  almost  solely 
of  urate  of  ammonia,  from  which  pure  uric  acid  may  be  procured  by  a  very 
simple  process. 

Pure  uric  acid  is  white,  tasteless,  and  inodorous.  It  is  insoluble  in  alco- 
hol, and  is  dissolved  very  sparingly  by  cold  or  hot  water,  requiring  about 
10,000  times  its  weight  of  that  liquid  at  60°  for  solution.  It  reddens  litmus 
paper,  and  unites  with  alkalies,  forming  salts  which  are  called  urates. 

The  formula  for  uric  acid  is  N4C10H4O6. 

1184.  The  substance  called  g^ano  which  is  brought  to  South  America 
and  to  Europe  from  some  of  the  South  Sea  islands,  and  used  for  manure,  is 
chiefly  urate  of  ammonia.  The  islands  on  which  it  is  found  are  constantly 
inhabited  by  immense  numbers  of  aquatic  birds ;  and  it  is  from  their  excre- 
ments the  substance  accumulates. 

1185.  Urinary  Concretions. — In  consequence  of  the  complicated  nature 
of  urine  (1179),  and  the  diseased  action  to  which  the  system  is  subject, 
depositions  of  solid  matter  from  the  urine  often  take  place  within  the 
bladder,  giving  rise  to  one  of  the  worst  class  of  evils  that  afflict  humanity. 

The  most  common  kinds  of  urinary  concretions  may  be  conveniently 
divided  into  the  six  following  species :  ^ 

1.  The  uric  acid  calculus,  which  is  a  hard  inodorous  concretion,  usually 
of  an  oval  form,  and  brown  color.  It  is  soluble  in  several  of  the  acids,  and 
in  pure  potassa. 

2.  The  bone  earth  calculus,  which  consists  almost  solely  of  phosphate  of 
lime.  Its  structure  is  usually  laminated ;  and  when  reduced  to  powder,  it 
is  soluble  in  dilute  nitric  and  muriatic  acid. 

3.  The  ammoniaco-magnesian  phosphate,  which  is  generally  of  a  white 
color,  and  when  reduced  to  powder,  is  dissolved  with  great  facility  by  the 
acetic  and  other  acids. 

4.  The  fusible  calculus,  which  is  considered  a  mixture  of  the  two  pre- 
ceding species,  and  is  characterized  by  the  facility  with  which  it  melts  into 
a  globule.     It  is  one  of  the  most  common,  and  is  sometimes  very  large. 

5.  The  mulberry  calculus,  so  named  from  its  resemblance  to  the  fruit  of 
the  mulberry.  It  is  composed  of  oxalate  of  lime,  and  is  soluble  in  hydro- 
chloric acid  when  reduced  to  powder,  but  not  in  the  acetic,  by  which  it  is 
distinguished  from  some  of  the  preceding  species. 

6.  The  cystic  oxide  calculus,  which  is  very  rare,  and  is  never  accom- 
panied by  any  of  the  other  concretions.  It  is  dissolved  by  nearly  all  the 
acids  and  several  alkaline  solutions,  and  even  by  lime-water. 

Several  of  these  species  oflen  accompany  each  other,  and  form  the  com- 
pound calculus ;  and  frequently  the  concretion  consists  of  alternate  layers 
constituting  the  alternating  calculus. 

From  the  solubility  of  urinary  concretions  in  chemical  menstrua,  hopes 
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were  once  entertained  that  remgeniM  mi^ht  be  introdaced  into  the  urine 
through  the  medium  of  the  blood,  or  be  at  once  injected  into  the  bladder  so 
as  to  dissolve  urinary  calculi,  and  thus  supersede  the  necessity  of  a  painful 
and  dangerous  operation.  It  has  been  found,  however,  that  for  this  purpose, 
it  would  be  necessary  to  employ  acid  or  alkaline  solutions  of  greater  strength 
than  may  safely  be  introduced  into  the  bladder ;  and  it  is  therefore  very 
doubtful  whether  anything  effectual  will  by  this  method  ever  be  accom- 
plished. 

Oil  of  Dippel. — Thu  is  the  name  given  to  a  limpid  volatile  oil,  which  is 
a  product  of  the  destructive  distillation  of  animal  substances,  especially 
those  which  contain  a  large  proportion  of  albumen  and  gelatine.  When 
purified  by  distillation,  it  is  clear  and  transparent ;  and  was  formerly  much 
used  in  medicine. 

1186.  Amhergru, — ^This  substance  is  found  floating  on  the  surface  of 
the  sea  near  the  coasts  of  India,  Africa,  and  Brazil,  and  is  supposed  to  be  a 
concretion  formed  in  the  stomach  of  the  spermaceti  whale.  It  has  com- 
monly been  regarded  as  a  resinous  princi]^ ;  but  its  chief  constituent  is  a 
substance  veir  analogous  to  cholesteiine,  and  to  which  the  name  of 
andnreine  has  been  given. 

EthaL,  adipocire,  and  kirein§  are  other  animal  Bobstances  of  a  simikr 
character. 


PART   IV. 

ANALYTICAL   CHEMISTRY 


The  object  of  Analytical  Chemistry  is  to  determine  the  nature,  propor- 
tions, and  mode  of  combination  of  the  elements  of  the  various  compounds 
which  occur  in  nature,  or  are  produced  by  art 

It  is  an  exceedingly  important  branch  of  the  science ;  but  only  a  few 
pages  can  be  introduced  into  an  elementary  work  like  the  present,  merely 
to  show  something  of  its  nature  and  design.  Our  remarks  may  be  con- 
veniently divided  into  four  sections,  which  treat  of  the  analysis  of  the 
mixed  gase»,  of  minerals,  of  mineral  waters,  and  of  organic  analysis. 

In  general  it  is  comparatively  easy  to  determine  the  ingredients  con- 
tained in  a  compound  or  its  qualative  analysis ;  but  it  is  much  more  diffi- 
cult to  ascertain  the  proportions  in  which  they  are  combined,  or  its  quan^ 
tativt  analysis. 


SECTION  I. 
ANALYSIS  OF  MIXED  GASES. 

Analysis  of  Air  or  of  Gaseous  mixtures  containing  Oxygen, — Of  the  ira* 
rious  processes  by  which  oxygen  gas  may  be  withdrawn  from  gaseous  mix- 
tures, and  its  quantity  determined,  none  are  so  c^jnvenient  and  precise  as 
the  method  by  means  of  hydrogen  gas.  In  performing  this  analysis,  a 
portion  of  atmospheric  air  is  carefully  measured  in  a  graduated  tube,  and 
mixed  with  a  quantity  of  hydrogen  gas  which  is  rather  more  than  sufficient 
for  uniting  with  all  the  oxygen  present.  The  mixture  is  then  introduced 
into  a  strong  glass  tube,  and  a  spark  is  passed  through  it  by  means  of  con- 
ducting wires  fixed  into  the  tube.  The  aperture  is  closed  by  the  thumb  at 
the  moment  of  detonation,  in  order  to  prevent  any  of  the  mixture  from 
escaping.  The  total  diminution  in  volume  divided  by  three  indicates  the 
quantity  of  oxygen  originally  contained  in  the  mixture.  This  operation 
may  be  performed  in  a  trough  either  of  water  or  mercury.  Instead  of 
electricity,  spongy  platinum  may  be  employed  for  causing  the  union  of 
oxygen  and  hydrogen  gases ;  and  while  its  indications  are  very  precise,  it 
has  the  advantage  of  producing  the  effect  gradually  and  without  detonation. 

To  insure  accuracy  the  hydrogen  of  course  should  be  perfectly  pure. 

Mode  of  determining  the  Quantity  of  Nitrogen  in  Gaseous  Mixtures. — 
As  atmospheric  air,  which  has  been  deprived  of  moisture  and  carbonic 
acid,  consists  of  oxygen  and  nitrogen  only,  the  proportion  of  the  latter  is 
of  course  known  as  soon  as  that  of  the  former  is  determined.  The  only 
method,  indeed,  by  which  chemists  are  enabled  to  estimate  the  quantity  of 
this  gas,  is  by  withdrawing  the  other  gaseous  substances  with  which  it  is 
mixed. 
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Modf  of  dttetmininft  the  Quantity  of  Carbomie  Acid  tn  Gm$eou9  HRxturt, 
— W hull  car l»onic  acid  ic  the  only  acid  ^s  which  is  present,  an  in  analy' 
ziiifr  utinnKphrric  air,  in  the  ultimate  analysis  of  organic  compounds,  and 
in  inu»t  other  analogous  researches,  the  process  for  determining  its  qoanlity 
is  cxccedinfrly  simple ;  ft>r  it  consists  merely  in  absorbing  that  gas  by  lime. 
watiT  ur  a  solution  of  caustic  polassa.  Thb  is  easily  done  in  the  course 
of  a  few  minutcR  in  an  ordmary  graduated  tube ;  or  it  may  be  effected 
alraoHt  instantuneouKly  by  agitating  tlie  gaseous  mixture  with  the  alkaline 
solution  in  Ilnpc*s  eudiometer.  This  apparatus  consists  simply  ofa  rtronf 
glaRfl  tube  closed  at  one  end  and  properly  graduated  and  groand  into  the 
neck  ofa  vial  to  contain  the  alkaline  solution.  This  vial  Miould  also  have 
an  additional  neck  and  ground  stopper.  By  inverting  the  instrument  the 
gspCM  may  In3  made  to  pass  through  the  alkaline  sc^ution,  by  which  the 
carbonic  acid  will  be  absorbed ;  and  by  removing  the  stopper  in  the  body  of 
tlie  eudiometer,  under  water,  tlie  water  will  rush  in  snd  its  rise  in  the  tube 
will  show  the  amount  of  the  absorption,  and  of  coarse  the  proportion  of 
carlmnic  acid  gas  contained  in  the  mixture  anmlyied.  By  using  a  Buh> 
stance  capable  of  absorbing  oxygen,  as  the  by drosniphate  of  potaasa  instead 
of  the  alkaline  solution,  it  is  evident  this  gas  might  be  eeparated  fiom  a 
mixture  in  which  it  is  contained  in  an  uncombined  state. 

Mode  of  analyzing  Mixture§  of  Hydrogen  and  other  InJlanunahU  Oatet, 
^When  hydrogen  is  mixed  with  nitrogen,  oxygen  or  atmospheric  air,  its 
quantity  is  easily  ascertained  by  causing  it  to  combine  with  oxygen  either 
by  means  of  platinum  or  the  electric  spark.  If^  instead  of  hydrogen,  any 
other  combustible  substance,  such  as  carbonic  oxide,  light  carburetted  by- 
drogcn,  or  olefiant  gas,  be  mixed  with  nitrogen,  the  analysis  is  easily 
effected  by  adding  a  sufficient  quantity  of  oxygen,  and  detonating  the  mix- 
ture by  electricity.  The  diminution  in  volume  indicates  the  quantity  of 
hydrogen  contained  in  the  gas,  and  from  the  carbonic  acid  which  may  then 
be  removed  by  an  alkali,  the  quantity  of  carbon  is  inferred. 

Other  methods  must  of  course  be  devised  to  analyze  particular  mixtures, 
but  the  above  processes,  or  some  slight  modifications  of  them,  may  gene- 
rally be  adopted. 


SECTION  II. 

ANALYSIS  OF  MINERALS. 

This  department  of  analytical  chemistry  is  very  extensive,  and  to  give 
an  idea  of  the  manner  in  which  the  analysis  of  minerals  is  effected,  a  few 
selections  will  be  made  of  the  most  common  minerals.  The  usual  consti- 
tuents of  these  arc  silica,  alumina,  iron,  manganese,  lime,  magnesfa,  potassa, 
soda  and  curlK>nic  and  sulphuric  acids.  To  some  of  the  compounds  formed 
by  these  subRtances  our  attention  will  therefore  be  directed. 

In  attempting  to  separate  two  or  more  fixed  principles  from  each  other, 
tlie  first  obj<>ct  of  the  analytical  chemist  is  to  bring  them  into  a  state  of  so- 
lution. If  they  are  soluble  in  water,  this  fluid  is  preferred  to  every  other 
menstruum ;  but  if  not,  an  acid  or  any  convenient  solvent  may  be  em- 
ployed. In  many  instances,  however,  the  substance  to  be  analyzed  resists 
the  acUon  even  of  the  acids,  and  in  that  case  the  following  method  ia 
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adopted : — The  compound  is  first  crushed  by  means  of  a  hammer  or  steel 
mortar,  and  is  afterwards  reduced  to  an  impalpable  powder  in  a  mortar  of 
agate:  it  is  then  intimately  mixed  with  three,  four,  or  more  times  its 
weight  of  potassa,  soda,  baryta,  or  their  carbonates ;  and,  lastly,  the  mixture 
is  exposed  in  a  crucible  of  silver  or  platinum  to  a  strong  heat  During 
the  operation,  the  alkali  combines  with  one  or  more  of  the  constituents  of 
the  mineral ;  and,  consequently,  its  elements  being  disunited,  it  no  longer 
resists  the  action  of  tlie  acids. 

Analysis  of  Marble  or  Carbonate  of  Lime, — This  analysis  is  easily  made 
by  exposing  a  known  quantity  of  marble  for  about  half  an  hour  to  a  full 
white  heat,  by  which  means  the  carbonic  acid  gas  is  entirely  expelled,  so 
that  by  the  loss  in  weight  the  quantity  of  each  ingredient,  supposing  the 
marble  to  have  been  pure,  is  at  once  determined.  In  order  to  ascertain 
that  the  whole  loss  is  owing  to  the  escape  of  carbonic  acid,  the  quantity  of 
this  gas  may  be  determined  by  a  comparative  analysis.  Into  a  small  flask 
containing  hydrochloric  acid,  diluted  with  two  or  three  parts  of  water,  a 
known  quantity  of  marble  is  gradually  added,  the  flask  being  inclined  to 
one  side  in  order  to  prevent  the  fluid  fl'om  being  flung  out  of  the  vessel 
daring  the  effervescence.  The  diminution  in  weight  experienced  by  the 
flask  and  its  contents,  indicates  the  quantity  of  carbonic  acid  which  has 
been  expelled. 

Should  the  carbonate  suffer  a  greater  loss  in  the  fire  than  when  decom- 
posed by  an  acid,  it  will  most  probably  be  found  to  contain  water.  This 
may  be  ascertained  by  heating  a  piece  of  it  to  redness  in  a  glass  tube,  the 
aides  of  which  will  be  bedewed  with  moisture,  if  water  is  present.  Its 
quantity  may  be  determined  by  causing  the  watery  vapor  to  pass  through 
a  weighed  tube  filled  with  fragments  of  the  chloride  of  calcium,  by  which 
the  moisture  is  absorbed. 

Separation  of  Lime  and  Magnesia. — The  more  common  kinds  of  carbo- 
nate of  lime  frequently  contain  traces  of  siliceous  and  aluminous  earths,  in 
consequence  of  which  they  are  not  completely  dissolved  in  dilute  hydro- 
chloric acid.  A  very  frequent  source  of  impurity  is  carbonate  of  magnesia, 
which  is  often  present  in  such  quantity  that  it  forms  a  peculiar  compound 
called  magnesian  limestone.  The  analysis  of  this  substance,  so  far  as 
respects  carbonic  acid,  is  the  same  as  that  of  marble.  The  separation  of 
the  two  earths  may  be  conveniently  effected  in  the  following  manner : — 
The  solution  of  tlio  mineral  in  muriatic  acid  is  evaporated  to  perfect  dry- 
ness in  a  flat  dish  or  capsule  of  porcelain,  and  afler  redissolving  the  residuum 
in  a  moderate  quantity  of  distilled  water,  a  solution  of  oxalate  of  ammonia 
is  added  as  long  as  a  precipitate  ensues.  The  oxalate  of  lime  is  then 
allowed  to  subside,  collected  on  a  filter,  converted  into  quicklime  by  a  white 
heat,  and  weighed ;  or  the  oxalate  may  be  decomposed  by  a  red  heat,  and 
afler  moistening  the  resulting  carbonate  with  a  strong  solution  of  the  car- 
bonate of  ammonia,  in  order  to  supply  any  particles  of  quicklime  with  car- 
bonic acid,  it  should  be  dried,  heated  to  low  redness,  and  regarded  as  pure 
carbonate  of  lime.  To  the  filtered  liquid,  containing  the  magnesia,  a  mix- 
ture of  pure  ammonia  and  phosphate  of  soda  is  added,  when  the  magnesia, 
in  the  form  of  the  ammoniaco-phosphate,  is  precipitated.  Of  this  precipitate 
heated  to  redness,  100  parts  correspond  to  37  of  pure  magnesia. 

To  insure  perfect  accuracy,  many  precautions  arc  to  be  attended  ta 

Earthy  Sulphates. — The  most  abundant  of  the  earthy  sulphates  is  that 
of  lime,  the  analysis  of  which  is  easily  effected.     By  boiling  it  for  fifteen  or 
drenty  minutes  with  a  solution  of  twice  its  weight  of  carbonate  of  soda, 
37 
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double  decomposition  ensues ;  and  the  carbonate  of  lime,  after  being  col- 
lected on  a  filter  and  washed  with  hot  water,  is  either  heated  to  low  redness 
to  expel  the  water,  and  weighed,  or  at  once  reduced  to  quicklime  by  a 
white  heat  Of  the  dry  carbonate,  50  parts  correspond  to  28  of  lime.  The 
alkaline  solution  is  acidulated  with  hydrochloric  acid,  and  the  Bulf^uric 
acid  thrown  down  by  chloride  of  barium.  From  the  sulphate  of  baryta, 
collected  and  dried  at  a  red  heat,  the  quantity  of  acid  may  easily  be  esti- 
mated. 

The  metliod  of  analyzing  the  sulphate  of  strontia  and  baryta  is  somewhat 
different  As  these  salts  are  difficult  of  decomposition  in  the  moist  way, 
the  following  process  is  adopted : — The  sulphate,  in  fine  powder,  is  mixed 
with  three  times  its  weight  of  carbonate  of  soda,  and  the  mixture  is  heated 
to  redness  in  a  platinum  crucible  for  the  space  of  an  hour.  The  ignited 
mass  is  tlien  digested  in  hot  water,  and  the  insoluble  earthj  carbonate 
collected  on  a  filter.  The  other  parts  of  the  process  are  the  same  as  the 
foregoing. 

Mode  of  Analyzing  Compoundg  of  Silica,  Alumina^  and  Iron, — ^Minerals, 
thus  constituted,  are  decomposed  by  an  alkaline  carbonate  at  a  red  heat,  in 
the  same  manner  aff  sulphate  of  baryta.  The  mixture  is  afterwards  digested 
in  dilute  hydrochloric  acid,  b^  which  means  all  the  ingredients  of  the 
mineral,  if  the  decomposition  is  complete,  are  dissolved.  Hie  solution  is 
next  evaporated  to  dryness,  the  heat  being  carefully  regulated  towards  the 
close  of  the  process,  in  order  to  prevent  any  of  (he  chloride  of  iron,  the 
volatility  of  which  is  considerable,  fi-om  being  dissipated  in  vapor.  By 
this  operation,  the  silica,  though  previously  held  in  solution  by  the  acid,  is 
entirely  deprived  of  its  solubility ;  so  that  on  digesting  the  dry  mass  in 
water  acidulated  with  hydrochloric  acid,  the  alumina  and  irtHi  are  taken 
up,  and  the  silica  is  left  in  a  state  of  purity.  The  siliceous  earth,  after 
subsiding,  is  collected  on  a  filter,  carefully  edulcorated,  heated  to  redness, 
and  weighed. 

To  the  clear  liquid,  containing  peroxide  of  lime  and  alumina,  a  solution 
of  pure  potassa  is  added  in  moderate  excess ;  so  as  not  only  to  throw  down 
those  oxides,  but  to  dissolve  the  alumina.  The  peroxide  of  iron  is  then  col- 
lected  on  a  filter,  edulcorated  carefully  until  the  washings  cease  to  have  an 
alkaline  reaction,  and  is  well  dried  on  a  sand-bath.  Of  this  hydrated 
peroxide,  49  parts  contain  40  of  anhydrous  peroxide  of  iron.  But  the  most 
accurate  mode  of  determining  its  quantity  is  by  expelling  the  water  by  a 
red  heat  This  operation,  however,  should  be  done  with  care ;  since  any 
adhering  particles  of  paper,  or  other  combustible  matter,  would  bring  the 
iron  into  the  state  of  black  oxide,  a  change  which  is  known  to  have 
occurred  by  the  iron  being  attracted  by  a  magnet 

To  procure  the  alumina,  the  liquid  in  which  it  is  dissolved  is  boiled  with 
hydrochlorate  of  ammonia,  when  chloride  of  potassium  is  formed,  the  vola- 
tile alkali  is  dissipated  in  vapor,  and  the  alumina  subsides.  As  soon  as  the 
solution  is  thus  rendered  neutral,  the  hydrous  alumina  is  collected  on  a 
filter,  dried  by  exposure  to  a  white  heat,  and  quickly  weighed  after  removal 
from  tlie  fire. 

Separation  of  Iron  and  Manganese. — A  compound  of  these  metals  or 
their  oxides  may  be  dissolved  in  hydrochloric  acid.  If  the  iron  is  in  a 
large  proportion  compared  with  the  manganese,  the  following  process  may 
be  adopted  with  advantage :  To  the  cold  solution,  considerably  diluted  with 
water,  and  acidulated  with  hydrochloric  acid,  carbonate  of  soda  is  gradually 
added f  and  the  liquid  la  W\ak\^  «lvtT«d  ^ith  a  glass  rod  during  the  efiTer- 
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vescence,  in  order  that  it  may  become  highly  charged  with  carbonic  acid. 
By  neutralizing^the  solution  in  this  manner,  it  at  length  attains  a  point  at 
which  the  peroxide  of  iron  is  entirely  deposited,  leaving  the  liquid  colorless ; 
while  the  manganese,  by  the  aid  of  the  free  carbonic  acid,  is  kept  in  solu- 
tion. The  iron,  afler  subsiding,  is  collected  on  a  filter,  and  its  quantity 
determined  in  the  usual  manner;  The  filtered  liquid  is  then  boiled  with  an 
excess  of  carbonate  of  soda ;  and  the  precipitated  carbonate  of  manganese 
is  collected,  heated  to  full  redness  in  an  open  crucible,  by  which  it  is  con- 
verted into  the  red  oxide,  and  weighed.  This  method  is  one  of  some 
delicacy ;  but  in  skilful  hands,  it  a£K>rd8  a  very  accurate  result.  It  may 
also  be  employed  in  separating  iron  from  magnesia  and  lime  as  well  as 
from  manganese. 

fiut  if  the  proportion  of  iron  is  small  compared  with  that  of  manganese, 
the  best  mode  of  separating  it  is  by  succinate  of  ammonia  or  soda,  prepared 
by  neutralizing  a  solution  of  succinic  acid  with  either  of  those  alkalies. 
That  this  process  should  succeed,  it  is  necessary  that  the  iron  be  wholly  in 
the  state  of  peroxide,  that  the  solution  be  exactly  neutral,  which  may  easily 
be  insured  by  the  cautious  use  of  ammonia,  and  that  the  reddish-brown 
colored  succinate  of  peroxide  of  iron  be  washed  with  cold  water.  Of  this 
■accinate,  well  dried  at  a  temperature  of  212^,  90  parts  correspond  to  40 
of  the  peroxide.  From  the  filtered  liquid  the  manganese  may  be  precipi- 
tated at  a  boiling  temperature  by  carbonate  of  soda,  and  its  quantity  deter- 
mined in  the  way  above  mentioned.  The  benzoate  may  be  substituted  for 
succinate  of  ammonia  in  the  preceding  process. 

It  may  be  stated  as  a  general  rule,  that  whenever  it  is  intended  to  pre- 
cipitate iron  by  means  of  the  alkalies,  the  succinates,  or  benzoates,  it  is 
essential  that  this  metal  be  in  the  maximum  of  oxydation.  It  is  easily 
brought  into  this  state  by  digestion  with  a  little  nitric  acid. 

Separation  of  Manganese  from  Lime  and  Magnesia, — If  the  quantity' of 
the  former  be  proportionally  small,  it  is  precipitated  as  a  sulphuret  by  hydro- 
sulphate  of  ammonia  or  sulphuret  of  potassium.  The  sulphuret  is  then 
dissolved  in  hydrochloric  acid,  and  the  manganese  thrown  down  as  usual 
by  means  of  an  alkalL  But  if  the  manganese  be  the  chief  ingredient,  the 
best  method  is  to  precipitate  it  at  once,  together  with  the  two  earths,  by  a 
fixed  alkaline  carbonate  at  a  boiling  temperature.  The  precipitate,  afler 
being  exposed  to  a  low  red  heat  and  weighed,  is  put  into  cold  water  acidu- 
lated with  a  drop  or  two  of  nitric  acid,  when  the  lime  and  magnesia  will  be 
slowly  dissolved  with  effervescence.  Should  a  trace  of  the  manganese  be 
likewise  taken  up,  it  may  easily  be  thrown  down  by  hydrosulphate  of 
ammonia. 

Stromeyer  has  recommended  a  very  elegant  and  still  better  process  for 
removing  small  quantities  of  manganese  from  lime  and  magnesia.  The 
solution  is  acidulated  with  nitric  or  hydrochloric  acid,  bicarbonate  of  soda 
18  gradually  added  in  very  slight  excess,  stirring  afler  each  addition,  that 
the  liquid  may  be  charged  with  carbonic  acid,  and  a  solution  of  chlorine,  or 
a  current  of  the  gas,  is  introduced.  The  protoxide  of  manganese  is  con- 
verted by  the  chlorine  into  the  insoluble  hydrated  peroxide,  while  any 
traces  of  lime  or  magnesia,  which  might  otherwise  fall,  are  retained  in 
solution  by  means  of  carbonic  acid.  A  solution  of  chloride  of  soda  or  lime 
is  in  fact  our  most  delicate  test  for  small  quantities  of  manganese. 

Mode  of  analyzing  an  Earthy  Mineral  containing  Silica^  Iron^  Alumina, 
Manganese,  Lime,  and  Magnesia. — The  mineral,  reduced  to  fine  powder, 
is  ignited  with  three  or  four  times  its  weight  of  carbonate  of  ^taaaiL  oc 
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■od&i  the  miM  U  taken  op  in  dilute  hvdioehlaric  acid,  and  the  (iliu  wpi 
reted  in  thu  wajr  alreidj  deicribed.  To  the  solution,  Ihiu  freed  &om  >ilir 
and  dulf  acidiilatol,  citbonile  of  aoda,  or  slill  better,  the  bicubaiiite, 
endiMllj  added,  m  >■  to  ahatKt  Iho  liquid  with  carhanic  aeid,  ai  id  tl 
(imlj'ti*  of  iion  ind  mDn^nCic  la  thia  miinncr  the  irnn  and  slumina  u 
■Ions  precipilBlcd,  Bubitanfc*  which  mij  be  ipporaled  flam  eaeh  olliorl 
moBH  orpnro  |wliuwi.  The  mangsnese,  lime,  and  magneaia  may  Ibctil 
ddermiacd  bj  tlie  pmccaaea  above  dcacribed. 

Anal^tu  of  Stintralt  cimiainiPg  a  Fixtd  Alkali. — When  theobjeFtli 
dMcrminc  tin  i|U3iitily  or  fi.icd  alkali,  sncli  aa  potaE«a   or  soda,  it  ii  i 
gouriB  neceainry  lo  ahslnin  rrom  the  employment  of  these  reagenli  in  t 
■nolTnia  ilBcir;  and  lbs  brginncr  wilt  do  well  to  devote  his  nitcntion  lalht 
alkaline  ingrcdicnli  onlf .     On  thi*  inppniilinn,  he  will  proceed  in  iIm  M- 
lowing  niBDner  :  The  mineral  is  reduced  to  a  rerj  fine  poicder,  miied  inli- 
laalcly  with  eii  times  its  weight  of  BrtiRcial  carbonate  of  baryta,  and 
Bipoaed  ibt  an  hour  to  a  while  heaL     The  ignited  idbbb  is   dissolicd  in 
dilute  hydrochloric  aeid,  and  the  mlution  evaporated  Id  perfect  dryneOi 
The  aoluble  ports  are  taken  up  in  hot  water ;  an  ciceaa  of  carbonate 
ammonia  ia  added  ;  and  the  inaoluble  matters,  conaiating  of  silica,  carli 
lie  of  baryta,  and  nil  the  conaliluenla  of  the  mineral,  excepting  the  fi. 
alkali,  are  collccled  on  a  filter.     The  clear  aolntion  ja  evaporilcd  to  i 
neaa  in  a  porcelain  capsule,  and  the  dry  maaa  ia  heated  to  retlneES  in  a  i 
cible  of  platinum,  in  order  lo  eipel  the  aalls  of  ammonia.     This  residue 
chloride  of  potaasium  or  aodium. 

In  thia  analyata,  it  generally  happens  that  traces  of  iDHngaDese, 
■omelimea  ofiron,  eecapc  precipitation  in  the  first  port  of  lire  procenj 
ID  that  case,  they  ihonld  be  thrown  down  by  hydtosulpbato  of  ammi 
Ifnaither  lime  nor  magnesia  ia  present,  the  alumina,  iron,  and  manga: 
tnay  be  aeparaltd  by  pure  ammonia,  and  the  liaryta  Bubaequcnlly  remi 
by  the  carbonate  of  that  alkali.  By  thia  method  the  carbonate  ofbaryta 
resovered  in  a  pure  stale,  and  may  bo  reasiTed  for  another  analjais.  '" 
baryta  may  sIbd  bo  thrown  down  as  a  eulpbate  by  sulpharic  acid,  in  wl 
cue  the  soda  nr  potnesa  ia  proenrod  in  combination  with  that  acid ;  but  II 
mode  is  objcctionabte,  because  the  sulphate  of  baryta  is  very  apt  to 
■mall  quanliliea  of  sulphate  ofpolsssa. 

The  analyiiia  is  attended  with  considerable  inconvenience  when  mn 
happens  lo  be  present;  because  thia  earth  ia  not  completely  preci 
either  by  ammonia  or  irs  carbonate,  and,  thereforo,  some  of  it  remaii 
the  liied  alkali.  The  beat  mode  with  which,  it  is  believed,  is  lo  prsd| 
tate  the  magnesia  by  phosphate  of  ammonia;  subacquently  separating  Cn 
the  filtered  solnlion  the  eiceaa  of  phoephoric  aeid  by  acetate  of  lead,  ■■ 
that  of  lead  by  liydroaulpburie  acid.  The  acetate  of  the  alkali  is  tN 
brought  to  dryness,  ignited,  and  by  the  addition  of  sulphate  of  ammnt 
convcitiid  into  a  sulphate. 

The  testa  commonly  employed  in  ascertaining  the  acidity  or  alkalini 
of  liquids  are  litmus  and  turmeric  paper.  The  lormer  is  made  by  digeslil 
litmus,  reduced  to  a  line  powilcr.  in  a  ainall  quantity  of  water,  and  painlin 
with  it  white  paper  which  i.i  free  from  alum.  Turmeric  paper  ia  made 
a  aimilar  manner;  but  the  moat  convenient  teat  of  alkalinity  ia  litDioa  papi 
reddened  by  a  dilute  acid. 
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SECTION  III. 
ANALYSIS  OP  MINERAL   WATERS. 

Rain  water  collected  in  clean  vessels  in  the  country,  or  freshly  fallen 
snow  when  melted,  affords  the  purest  kind  of  water  which  can  be  procured 
without  havingr  recourse  to  distillation.  The  water  obtained  from  these 
sources,  however,  is  not  absolutely  pure,  but  contains  a  portion  of  carbonic 
acid  and  air,  absorbed  from  the  atmosphere.  It  is  remarkable  that  this  air 
is  very  rich  in  oxy^n.  That  procured  from  snow  water  by  boilings  was 
found  by  Gay-Lussac  and  Humboldt  to  contain  34.8,  and  that  from  rain 
water  32  per  cent  of  oxygen  gas.  From  the  powerfully  solvent  properties 
of  water,  this  fluid  no  sooner  reaches  the  ground  and  percolates  through  the 
soil,  than  it  dissolves  some  of  the  substances  which  it  meets  with  in  its 
passage.  Under  common  circumstances  it  takes  up  so  small  a  quantity  of 
foreign  matter,  that  its  sensible  properties  are  not  materially  affected :  and 
in  this  state  it  gives  rise  to  spring,  well,  and  river  water.  Sometimes,  on 
the  contrary,  it  becomes  so  strongly  impregnated  with  saline  and  other 
substances,  that  it  acquires  a  peculiar  flavor,  and  is  thus  rendered  unfit  for 
domestic  uses.     It  is  then  known  by  the  name  of  mineral  water. 

The  composition  of  spring  water  is  dependent  on  the  nature  of  the  soil 
through  which  it  flows.  If  it  has  filtered  through  primitive  strata,  such  as 
quartz  rock,  granite,  and  the  like,  it  is  in  general  very  pure ;  but  if  it  meets 
with  limestone  or  gypsum  in  its  passage,  a  portion  of  these  salts  is  dissolvedi 
and  communicates  the  property  called  hardness.  Hard  water  is  character- 
ized by  decomposing  soap,  the  lime  of  the  former  yielding  an  insoluble 
compound  with  the  margaric  and  oleic  acids  of  the  latter.  If  this  defect  is 
owing  to  the  presence  of  carbonate  of  lime,  it  is  easily  remedied  by  boiling, 
when  fi'ee  carbonic  acid  is  expelled,  and  the  insoluble  carbonate  of  lime 
subsides.  If  sulphate  of  lime  is  present,  the  addition  of  a  little  carbonate 
of  suda,  by  precipitating  the  lime,  converts  the  hard  into  soft  water.  Besides 
these  ingredients,  the  chlorides  of  calcium  and  sodium  are  frequently  con-; 
tained  in  spring  water. 

Spring  water,  in  consequence  of  its  saline  impregnation,  is  frequently 
unfit  for  chemical  purposes  and  on  these  occasions  distilled  water  is 
employed.  Distillation  may  be  performed  on  a  small  scale  by  means  of  a 
retort,  in  the  body  of  which  water  is  made  to  boil,  while  the  condensed 
▼apor  is  received  in  a  glass  flask,  called  a  recipient,  which  is  adapted  to  its 
beak  or  open  extremity.  This  process  is  more  conveniently  conductec^ 
however,  by  means  of  a  still. 

The  different  kinds  of  mineral  water  may  be  conveniently  arranged  for 
the  purpose  of  description  in  the  six  divisions  of  acidulous,  alkaline,  chaly^ 
beate,  sulphuretted,  saline  and  siliceous  springs. 

I.  Acidulous  springs  commonly  owe  their  acidity  to  the  presence  of  free 
carbonic  acid,  in  consequence  of  the  escape  of  which  they  sparkle  when 
poured  from  one  vessel  into  another.  Such  carbonated  waters  communi- 
cate a  red  tint  to  litmus  paper  before,  but  not  afler  being  boiled,  and  the 
redness  disappears  on  exposure  to  the  air.  Mixed  with  a  sufficient  quantity 
of  lime-water,  they  become  turbid  from  the  deposition  of  carbonate  of  lime. 
They  frequently  contain  the  carbonates  of  lime,  magnesia,  and  protoxide 
of  iron,  in  consequence  of  the  facility  with  which  these  salts  are  dissolved 
by  water  charged  with  carbonic  acid. 
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^wbcil  Bode  of  deUrminine  ihe  qoantit;  of  carbooic  acid  ii  bj  b^ 
mg  •  fonian  ol  iIk  water  in  >  fiuk,  uxj  mKinng  the  cartuBic  add,  b; 
TBtuxa  of  ■  boil  tube,  in  a  gradualHl  jir  filled  with  mercnrj. 

9.  Alithnt  watirt  are  tuch  u  antain  a  (iec  or  earbonaud  alkiH,  iii 
ccitneqoenllir.  either  in  tbeir  niloral  atale  or  ohen  cnocenmied  bj  etipon- 
tioo,  jiiiwfH  an  alkalioe  reactios. 
TlwH  apniiea  are  rare. 

X  CfalwtMte  tM(rr*  are  charBCteriied  by  ■  itTang  Mjptie.  ink/  tuli 
and  bjr  atrikioE  a  black  color  with  Ihc  infusicm  oT  ^raU-Dnta.  Tlie  iroo  ii 
■ometima  comhioe*]  wilh  hjdrachloric  or  aalphiiric  acid :  but  Dicct  Ik- 
ipiBtilly  il  is  in  the  form  of  ptotocarbaaate,  hdd  io  K^uliaa  bj  &ce  cirbnBC 
acid.  On  eipoaare  la  Uie  air,  the  protoxide  ii  oijdiicd.  and  the  hjdnlcd 
peroride  ■ubaidea.  ciaaing  Uic  Dchreoos  deposite  to  cooiDwoljr  obarrred  in 
the  licinit;  of  chaljbeate  spring 

To  aacsttain  the  qmnlil;  of  iron  nmtaincd  in  a  mineral  water,  a  kBovn 
weigbtofit  is-eooeenlraledbyerapnration.and  the  iron  is  broogbl  loaHiU 
oTperoiide  by  means  of  nitric  acid.  Tfac  peroxide  it  then  predjHUUd  bj 
an  alkali  and  weighed  ;  and  if  linie  and  magnciia  are  present,  it  mij  te 
aeparaled  from  those  earths  bf  tlie  proccai  described  in  the  last  tectioo. 
Chalf  b«i(e  oalera  are  not  uncvmmon- 

4.  SulpAurrdiFif  vdfers  contain  hjdcDSutpbnric  acid,  (498)  and  are  eanl; 
rea^niaed  by  their  odnr,  and  by  canting  a  brown  precipitate  with  a  Bah  lil' 
lead  or  tijicr.  The  gas  is  readily  expelled  by  boiling,  and  ila  qaanlit; 
may  be  inferred  by  tranamitling  il  Ihrougb  a  aoiulion  of  acetate  of  oxide  c^ 
lead,  and  weighing  Ihc  aulphuret  which  is  generated.  This  ia  easily  dcoi 
by  introducing  a  iillle  of  the  water  to  be  examined  into  a  glass  flu*'' 

through  a  perforated  cofh.     If  now  Ihe  open  endofi 
lube  ia  pliinged  into  b  Bolution  ef  acetate  of  lead,  t.  _ 
the  water  made  to  buil,  Ibe  hydroenlphnric  acid,  ai  ft 
pours  over,  will  be  entirely  absorbed  by  the  lead. 

5.  Those  mineral  springs  are  called  asjine,  the  dl 
racter  of  which  is  caused  by  salino  componiida.  Tl 
'  I  whlob  ore  most  Oequently  ccmlained  in  tho 
irs  are  the  sulphalei  and  carbonitca  of  lime,  ma 
I,  and  loda,  and  Ihe  chlorides  of  calciam,  magi 
I,  and  sodium.  Potassa  somelimes  exixla  id  ihM 
and  Barzetiua  has  (bund  lithia  in  Ihe  spring  of  Carlsbad.  It  has  lately  be 
dlscofered  that  tho  presence  of  bydiiodic  acid  in  small  qnaotily  i*  t 
illifrei|UenL 

The  liral  object  in  examining  a  saline  spring  i«  lo  determine  the  Ball 
of  ib  ingredients.  Hydrochloric  acid  is  delected  by  nitrate  of  oxidei 
■Qver,  and  sulphuric  acid  by  chlorido  of  barium  ,-  snd  if  an  alkaline  esil 
tiate  be  present,  the  precipitate  occaBioned  by  either  of  these  tcalB  will  ra 
tain  *  carbonalc  of  oxide  of  silver  or  baryta.  The  presence  of  lime  al 
maifneiia  may  be  discovered,  the  lormor  by  oxalate  of  ammonia,  and  t 
bUei  by  phoeplule  of  ammonia.  Potassa  is  known  by  tlie  aclion  of  cbl 
ftde  of  plulinum.  To  delect  Bodn.  tlie  water  should  ho  evaporated  to  d( 
DCn,  Il>e  dclliucsccnt  salts  removed  by  alcohol,  and  Ihc  matter  inKoloMit 
fbal  menalruuni  taken  i)|)  by  a  small  quantity  of  water,  and  allowed 
t^ntaliK  bv  epontaneous  eioporalion.  The  salt  of  soda  may  then 
»«nit«d  hjr  Ihe  rich  yellow  color  which  it  commumcalea  lo  flame.  : 
,^iwn«  of  hjdriDdic    '-A  bo  suspected.  Iho  soluUon  is  brought 
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diynesa,  the  solable  parts  dissolved  in  two  or  three  drachms  of  a  cold  sola- 
tion  of  starch,  and  strong  sulphuric  acid  gradually  added  (561). 

Having  thus  ascertained  the  nature  of  the  saline  ingredients,  their  quan- 
tity may  be  determined  by  evaporating  a  pint  of  water  to  dryness,  heating 
to  low  redness,  and  weighing  the  residue.  In  order  to  make  an  exact 
analysis,  a  given  quantity  of  the  mineral  water  is  concentrated  in  an 
evaporating  basin  as  far  as  can  be  done  without  causing  either  precipitation 
or  crystalization,  and  the  residual  liquid  is  divided  into  two  equal  parts. 
From  one  portion  the  sulphuric  and  carbonic  acids  are  thrown  down  by 
nitrate  of  baryta,  and  after  collecting  the  precipitate  on  a  filter,  the  hydro- 
chloric acid  is  precipitated  by  nitrate  of  oxide  of  silver.  The  mixed  sulphate 
and  carbonate  is  exposed  to  a  low  red  heat,  and  weighed ;  and  the  latter  is 
then  dissolved  by  dilute  hydrochloric  acid,  and  its  quantity  determined  by 
weighing  the  sulphate.  The  chloride  of  silver,  of  which  143.42  parts  cor- 
respond  to  36.42  of  hydrochloric  acid,  is  fused  in  a  platinum  spoon  or 
crucible,  in  order  to  render  it  quite  free  from  moisture.  To  the  other  half 
of  the  concentrated  mineral  water,  oxalate  of  ammonia  is  added  for  the  pur- 
pose of  precipitating  the  lime ;  and  the  magnesia  is  aflerwards  thrown  down 
as  the  aramoniaco  phosphate,  by  means  of  ammonia  and  phosphoric  acid. 
Having  thus  determined  the  weight  of  each  of  the  fixed  ingredients  except- 
ing the  soda,  the  loss  of  course  gives  the  quantity  of  that  alkali ;  or  it  may 
be  procured  in  a  separate  state  by  the  process  described  in  the  foregoing 
section. 

The  individual  constituents  of  the  water  being  known,  it  remains  to  de- 
termine the  state  in  which  they  were  originally  combined.  In  a  mineral 
water  containing  sulphuric  and  hydrochloric  acids,  lime,  and  soda,  it  is 
obvious  that  three  cases  are  possible.  The  liquid  may  contain  sulphate  of 
lime  and  chloride  of  sodium,  or  chloride  of  calcium  and  sulphate  of  soda ; 
or  each  acid  may  be  distributed  between  both  the  bases.  In  many  com- 
plicated  cases  it  is  difficult  to  tell  in  what  manner  the  several  acids  and 
bases  contained  in  the  water  are  united. 

Sea- water  may  be  regarded  as  one  of  the  saline  mineral  waters.  Its 
taste  is  disagreeably  bitter  and  saline,  and  its  fixed  constituents  amount  to 
about  three  per  cent.  Its  specific  gravity  varies  from  1.0269  to  1.0285 ; 
and  it  freezes  at  about  28.5^.  According  to  the  analysis  of  Murray, 
10,000  parts  of  water  from  the  Frith  of  Forth  contain  220.01  parts  of  com- 
mon salt,  33.16  of  sulphate  of  soda,  42.08  of  hydrochlorate  of  magnesia,  and 
7.84  ofhydrochlorateof  lime.  WoUaston  detected  potassa  in  sea- water,  which 
likewise  contains  small  quantities  of  hydriodic  and  hydrobromic  acids. 

The  water  of  the  Dead  Sea  has  a  far  stronger  saline  impregnation  than 
sea-water,  containing  one-fourth  of  its  weight  of  solid  matter.  It  has  a 
peculiarly  bitter,  saline,  and  pungent  taste,  and  its  specific  gravity  is  1.211. 
According  to  the  analysis  of  Marcet,  100  parts  of  it  are  composed  of  hydro- 
chlorate  of  magnesia  10.246,  hydrochlorate  of  soda  10.36,  hydrochlorate 
of  lime  3.92,  and  sulphate  of  lime  0.054.  In  the  river  Jordan,  which  flows 
into  the  Dead  Sea,  Marcet  discovered  the  same  principles  as  in  the  lake  itself. 

6.  Siliceous  waters  are  very  rare,  and  in  those  hitherto  discovered, 
the  silica  appears  to  have  been  dissolved  by  means  of  soda.  The  most 
remarkable  of  these  are  the  boiling  springs  of  the  Geyser  and  Rykum,  in 
Iceland. 

It  is  remarkable  that  nitrogen  gas  very  generally  occurs  in  hot  springs. 
Its  probable  sourse  is  clearly  referrible  to  atmospheric  air  contained  in 
water,  which  air  has  been  deprived  of  its  oxygen  by  chemical  ehanges  in 
the  interior  of  the  earth. 
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SECTION  IV. 

ORGANIC  ANALYSIS. 

Tm  exact  analjais  of  organic  bodies  is  oneof  tbemoBtdeficateoperiticni 
in  wliich  the  analytical  chemist  is  required  to  engage. 

The  chief  constituents  of  organic  matter  being  carbon,  hydrogen,  oxygen, 
vid  nitrogen,  (896),  our  remarks  on  this  subject  will  be  lunit^  to  a  gene- 
ral description  of  the  methods  adopted  for  the  separation  and  determination 
of  these  substances.  The  general  principle  upon  which  the  process  is  coa> 
ducted,  consists  in  supplying  oxygen  so  abundantly  to  the  organic  sub- 
stance, that  all  its  carbon  shall  be  ccmverted  into  carbonic  acid,  and  all  its 
hydrogen  into  water ;  and  so  regulating  the  supfdy  of  oxygen  that  the 
decomposition  shall  be  progressive,  and  admit  of  the  prodocts  being  collected 
with  accuracy.  The  nitrogen  is  always  determined  by  an  independent 
operation,  in  which  the  other  elements  are  neglected ;  aiid  when  the  com- 
pound contains  oxygen,  its  quantity  b  usually  determined  by  sabstracting 
the  weight  of  all  the  other  constituents  from  that  of  the  substance  employed 
For  the  analysis  of  organic  substances,  there  are,  therefore,  two  processes; 
the  first  to  determine  Uie  quantity  of  carbon  and  hydrogen,  and  the  second 
to  determine  the  amount  of  nitrogen. 

The  substance  generally  used  to  supply  the  oxygen  is  the  Uack  oxide  of 
copper,  which  is  prepared  by  gently  igniting  the  nitrate.  Sometimes  chro- 
mate  of  lead  is  employed. 

Fif.  94. 


A  proper  recipient  for  the  materials  is  made  by  drawing  out  a  little,  and 
bending  as  in  figure  94,  a  straight  tube  of  green  or  other  hard  glass,  about 
1 6  inches  long,  and  ^  or  ^  an  inch  in  diameter.    The  extreme  point  of  the 
tube  being  closed,  a  little  finely  powdered  oxide  of  copper  is  introduced,  so 
as  to  occupy  about  2  inches  of  the  tube,  and  then  enough  of  the  substance 
to  be  analyzed,  intimately  mixed  with  oxide  of  copper,  to  fill  about  6  inches 
more  ;  and  last  of  all  should  be  several  inches  of  the  pure  oxide  of  copper, 
care  being  taken  that  every  particle  of  the  organic  substance  weighed  is 
mixed  with  the  oxide.     The  dotted  lines  show  the  several  divisions,  the 
space  to  the  left  of  the  last  being  vacant,  which  should  not  exceed  two  or 
three  inches.     Means  now  must  be  taken  to  remove  all  moisture  that  may 
have  found  its  way  within ;  and  during  the  whole  operation,  great  care 
must  be  taken  to  prevent  the  accession  of  moisture,  which  is  readily  absorbed 
by  oxide  of  copper,  and  would  of  course  give  a  fiillacious  result     The  par- 
ticular means  by  which  this  object  is  accomplished,  it  is  not  necessary  here 
to  describe  further.     Next  two  tubes  are  to  be  provided,  one  to  contain  dry 
chloride  of  calcium  to  absorb  the  water  which  is  formed,  and  the  other, 
which  is  usually  made  of  a  peculiar  construction,  to  contain  a  solution  of 
caustic  potassa,  for  absorbing  the  carbonic  acid.    The  tube  containing  the 
chloride  of  calcium  is  first  attached  to  the  combustion  tube,  and  to  this  is 
connected  the  potassa  tube,  so  that  the  carbonic  acid  before  being  absorbed 
by  the  potassa,  is  thoroughly  deprived  of  its  moisture  by  passing  over  the 
chloride  of  calcium. 
Having  all  things  in  leaid^oas^  places  of  ignited  charcoal  are  to  be 
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applied  to  the  part  of  the  tabe  containing  the  pure  oxide  of  copper  last 
introduced,  and  the  heat  is  gradually  to  be  extended  towards  the  other 
extremity  until  the  whole  is  at  a  red  heat  As  a  little  carbonic  acid  and 
watery  vapor  will  still  remain  in  the  tube,  the  extreme  point  of  the  sealed 
end  is  now  broken  off,  and  a  current  of  air  is  gently  sucked  in  by  means 
of  a  tube  attached  to  the  other  extremity  of  the  apparatus ;  and  they  are 
thus  brought  in  contact  with  the  substances  placed  to  absorb  them.  The 
apparatus  is  then  taken  asunder,  and  the  potassa  and  the  chloride  of  cal- 
cium, still  remaining  in  the  tubes,  carefully  weighed ;  the  increase  of  course 
gives  the  weight  of  the  carbonic  acid  and  the  water  formed  during  the  opera- 
Son.  From  Uiese  data  very  simple  calculations  will  show  the  quantities  of 
carbon  and  hydrogen  in  the  substance  operated  upon. 

In  some  cases,  in  addition  to  the  above,  a  current  of  pure  oxygen  b 

Sassed  over  the  materials  at  the  close  of  the  operation,  to  insure  the  com- 
ostion  of  all  the  carbon. 

If  the  substance  to  be  analyzed  is  liquid  and  volatile,  it  is  introduced 
into  the  tube  in  small  glass  bulbs,  and  the  heat  applied  so  as  to  volatilize  it 
only  after  the  oxide  of  copper  is  fully  heated,  or  a  portion  of  it.  Many 
precautions  are  necessary  in  the  analysis  both  of  volatile  and  solid  sub- 
stances, which  cannot  be  here  detailed. 

To  determine  the  quantity  of  nitrogen  in  an  organic  substance,  a  com- 
bustion tube,  some  2  or  2^  feet  long,  and  perfectly  straight  throughout,  is 
employed.  In  this  tube  next  the  closed  end  is  placed  carbonate  of  copper, 
then  pure  oxide  of  copper,  then  oxide  of  copper  mixed  with  the  substance  to 
be  analyzed,  then  pure  oxide  again,  and  last  of  all  some  clean  metallic 
copper,  in  a  finely  divided  state.  The  apparatus  being  then  connected 
with  the  pneumatic  trough,  ignited  charcoal  is  applied  to  the  closed  end 
of  the  tube  containing  the  carbonate  of  copper,  and  the  carbonic  acid 
evolved  expels  all  the  atmospheric  air  from  the  apparatus.  This  of  course 
is  necessary  in  order  that  the  result  may  be  accurate,  the  air  itself  con- 
taining  nitrogen. 

The  fire  is  now  to  be  withdrawn  from  the  closed  end  of  the  tube,  and 
applied  to  tlie  part  containing  the  metallic  copper ;  and  when  this  is  red- 
hot,  the  combustion  is  carried  backward,  just  as  in  the  former  case,  till 
all  parts  of  the  tube  are  successively  heated.  Last  of  all  the  heat  is  again 
applied  to  the  part  occupied  by  the  carbonate,  a  portion  of  which  is  sup- 
posed to  remain  undecomposed ;  and  the  carbonic  acid  liberated,  expels  all 
the  nitrogen  from  the  apparatus.  The  mixed  gases  thus  produced  are 
collected  m  a  bell-glass  receiver,  and  agitated  with  a  strong  solution  of 
caustic  potassa,  by  which  the  carbonic  acid  is  absorbed  and  the  nitrogen 
left  in  a  state  of  purity,  except  that  a  little  watery  vapor  will  be  present,  for 
which  the  necessary  correction  can  readily  be  applied  afler  measuring ;  or 
it  may  be  removed  before  measuring  by  chloride  of  calcium. 

The  use  of  the  metallic  copper  in  front  of  the  mixture  is  to  decompose 
any  nitric  oxide  which  may  be  formed  during  the  combustion  in  the  tube, 
and  which  would  falsify  the  result  if  it  were  not  decomposed. 

When  the  organic  substance  to  be  analyzed  contains  chlorine,  sulphur, 
arsenic,  &.c,  it  must  first  be  destroyed  by  nitric  acid,  or  by  ignition 
with  potassa  or  lime,  and  the  organic  constituents  then  determined  in 
the  ordinary  way.  In  organic  salts,  the  metallic  basis  is  determined  by 
igniting  the  substance,  burning  away  the  organic  element,  and  determining 
the  quantity  of  inorganic  base,  by  whatever  method  is  best  suited  to  its 
individual  natore. 


APPENDIX. 


TABLES  OF  WEIGHTS  AXD  MEASURES. 


Emgliak  tmperiml  Siamdard  Troy  Weight. 

^  GniM  =r  I  Pcujwt^ 

91  PlBBTVciftei  =s  I  Oanot  =  -iSO  Gnins. 

li  OmMBm  =  1  Pound  ^  dTGO  Gruns. 

Atmrdmpais  Weights 

1  DnefcB    =  37^  GraiH  .Tror). 


1€  PiiitMi  =  1  0«Me  =  4373 
ICO^MB    =  1  Poond  s  7000 

=  IQflUtcr. 

=  1  Cvt.  or  113  Ai^ 
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QUESTIONS 

TO 

JOHNSTON'S   CHEMISTRY 


Most  of  the  questions  have  reference  to  the  part  of  the  work  in  large 
type ;  the  few,  the  answers  to  which  are  found  in  the  part  in  small  type, 
are  printed  in  italics. 


INTRODUCTION. 


Page  11.  Into  what  three  branches  may  the  science  of  nature  be  divided  f 
What  three  sciences  are  included  in  the  first  branch  f 
Of  what  does  Natural  Philosophy  teach  f 
How  may  chemistry  be  defined  t 
To  what  has  the  name  atom  or  molecule  been  applied  t 
What  two  kinds  of  atoms  are  there  f 
P.  12.  What  are  integrant  particles  or  atoms  f 
What  are  constituent  atoms  f 
Into  what  two  classes  may  all  bodies  be  divided  f 
What  is  a  simple  body  f 
What  is  a  compound  body  f 
How  many  simple  bodies  are  known  f 
What  is  cohesion  t 
What  is  affinity  I 

Are  the  forces  of  cohesion  and  affinity  exerted  at  sensible  or  insensible 
distances  I 

P.  13.  Is  matter  destructible  f 

To  what  is  the  power  of  the  chemist  limited  t 

By  what  two  methods  may  the  composition  of  a  body  be  determined f 

What  is  meant  by  analysis  I    What  bv  synthesis  f 

Into  how  many  parts  is  this  work  divided  f 

What  does  the  first  part  comprehend  ? 

P.  14.  Of  what  does  the  second  part  treat  f 

How  are  elementary  bodies  divided  f 

What  does  the  third  part  treat  of? 

What  is  included  in  the  fourth  part  f 


PART  I. 

IMPONDEBABLE     SUBSTANCES. 

Page  15.  What  is  meant  by  the  term  heat  t 
How  is  the  word  caloric  used  ? 
Why  is  heat  said  to  be  imponderable  t 
How  is  heat  known  to  be  present  in  all  bodies! 
P.  16.  How  is  it  shown  that  heat  may  be  transferred  from  one  tubstanoe 
to  another?  ^^ 
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Hf  wh«l  w«y  b  h««t  communicatod  from  a  hot  bodj  to  one  vliek  ii 

WlH'n  m  hrat  mud  to  he  communicated  by  radiation  t 

\VkK>n  two  bodies  of  difTerrnt  temperatures  are  in  contact,  what  are  ^ 
|«uHMiHil  (HuidtihUM  tbat  influence  tbe  communication  of  beat  from  one  to 
lb«*  \>thrr  f 

l\  17.  Wbat  in  mrant  by  .the  conduction  of  heat  f 

\Vby.  t^  a  iHdd  nu>rnin|{.  do  Pome  aubatances  feel  colder  than  othen, 
lb%mah  all  bav«t  lK«en  rxiHMiod  to  the  tame  atmosphere  f 

\\  nat  \*  inrant  by  a  roiuiuHor  of  heat  f    What  by  a  nan-amdmetmrt 

Uow  w  tho  iHtnducting  power  of  solids  determined  f  | 

|\  IH,  Wbat  metal  is  the  best  conductor?  * 

l>o  all  exiH^rtments  beann|[  on  this  subject  agree  f 

irAy  inll  fMil  «  fmmdktrHkHf,  kdd  agaifut  the  tnutoth  hadk  of  a  watdk,  atd 
IJWm  ^^«4At  IN  t^mtmct  irilA  vraited  ckarcoaU  take  fire  readUy  t 

V.  19,  lias  the  cause  of  the  dUTerent  conducting  power  oi  aubstancea  been 
fully  determined  f 

V\w  this  pr\HH>rty  aeem  to  be  intimately  connected  with  any  other  pro- 
perty f 

\\  hat  is  suppoeed  to  occaaion  the  non-conducting  power  of  cotton,  wod, 
lUr.  ^c.  r 

What  is  the  use  of  fire*brick  in  fumacea  t 

Why  are  diHible  wiiklowa  aoroetimea  uaed t 

How  are  ice^houeea  conatructed  t 

What  is  the  deeign  of  clothing? 

Is  the  general  practice  of  mankind  in  their  lelection  of  clothing  justified 
by  expertment  f 

r,  w.  What  effect  does  anow  hare  upon  the  earth  in  winter? 

How  is  advantage  taken  of  the  conoucting  power  of  subatancea  in  the 
Mnetructiiw  of  lampa  ? 

How  la  heat  distrtbuted  through  liquids  ? 

Why  b  motion  produced  among  the  particles  of  a  liquid  by  i^iplying 
heat? 

What  is  meant  by  the  csnverfMii  of  heat  ? 

Can  a  liuuid  be  heated  by  applying  heat  at  its  surface  ? 

r.  dl.  ife«r  8Miy  tAs  eelaUisAaieiit  qf  the  currents  in  a  liquid  hy  heat  he 

%\tMMIkf 

Hem  wmjf  wtttr  he  wmde  fe  had  in  a  eef«e2,  and  yet  contain  ice  at  the  same 
iimef 

1\  ^.  When  is  heat  said  to  be  radiated  t 

When  a  heated  body  is  suspended  in  the  air,  by  what  three  ways  is  its 
tem)>erature  reduced  ? 

In  what  direction  is  heat  emitted  from  the  radiatine  surface  ? 

When  ravs  of  heat  fall  upon  a  surface,  in  what  three  ways  may  they  be 
disposed  of  If 

What  is  the  chief  circumstance  that  influences  the  radiation  of  heat  from 
tbody? 

What  surfaces  radiate  most  freolv  ? 

How  is  the  radiating  power  of  polished  surfitce  affected  hv  scratching  it? 

F.  23.  Does  the  radiating  power  of  a  body  depend  entirely  upon  the  con- 
dition of  its  surface  ? 

What  substance  forms  the  best  radiating  surface  ? 

Does  the  color  of  a  body  appear  to  have  any  influence  upon  its  radiating 
power  ? 

What  kind  of  vesBcls  retain  heat  best  ? 

P.  24.  Why  should  stoves  and  stove-pipes  be  made  of  a  material  having 
•  dark  rough  surface  ? 

How  may  the  reflection  of  heat  be  shown  ? 
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What  are  the  angles  of  incidence  and  reflection  t 

P.  25.  May  heat,  unaccompanied  by  light,  be* radiated  and  reflected? 

What  is  meant  by  the  absorption  of  heat  ? 

When  a  ray  of  heat  impinges  upon  a  body,  in  what  three  ways  may  it  be 
disposed  of? 

18  the  absorptive  power  affected  by  the  nature  of  the  surface  I 

How  do  those  qualities  of  a  surface  which  increase  reflection  affect 
absorption  ? 

Into  what  two  classes  may  surfaces  be  divided,  with  reference  to  their 
power  of  transmitting  heat  ? 

P.  26.  Does  radiated  heat  pass  through  a  vacuum  I 

What  effect  has  the  air  upon  the  transmission  of  radiant  heat  ? 

Do  transparent  media  aflect  the  free  transmission  of  heat  ? 

P.  27.  When  is  a  body  said  to  be  transcalent  or  diathermanoua  t 

Are  transcalent  bodies  always  transparent  ? 

What  is  the  most  transcalent  substance  known  ? 

What  two  theories  of  radiation  have  been  proposed  ? 

Which  theory  is  most  generally  adopted  ? 

On  the  theory  of  Frevost,  when  does  the  temperature  of  a  body  fallt 
And  when  does  it  become  warmer  ? 

P.  28.  What  is  dew  t 

When  does  the  most  copious  deposition  of  dew  take  place  f 

Why  does  the  surface  of  the  ground  become  colder  than  the  surrounding 
atmosphere,  in  a  calm  star-light  night  ? 

Why  is  not  the  same  effect  produced  when  it  is  cloudy  ? 

P.  29.  Why  is  dew  deposited  upon  such  substances  as  grass,  wood,  the 
leaves  of  plants,  &.C.,  while  other  bodies,  as  smooth  stones,  remain  perfectly 
dry? 

By  what  means  is  artificial  ice  formed  in  some  parts  of  India  ? 

At  what  time  is  the  congelation  greatest  ? 

What  is  meant  by  the  dew-point  t 

How  would  you  explain  the  deposition  of  dew  upon  a  pitcher  filled  with 
recently  drawn  spring- water  in  summer  ? 

P.  30.  What  effect  does  heat  produce  upon  the  dimensions  of  bodies? 

How  is  the  form  of  a  body  dependent  on  heat  ? 

When  is  a  body  said  to  be  incandescent  t 

Are  chemical  changes  influenced  by  heat  ? 

Under  what  three  heads  will  the  effects  of  heat  be  further  discussed  ? 

How  are  the  integrant  molecules  of  a  body  influenced  by  heat  ? 

What  force  must  be  overcome,  in  order  that  expansion  may  ensue  ? 

In  what  bodies  should  heat  produce  the  greatest  expansion  ? 

P.  31.  Are  all  bodies  expanded  by  heat  ? 

Is  this  expansion  increased  or  diminished  by  increase  of  temperature  ? 

Do,  or  do  not,  different  bodies  expand  equally  when  equally  heated  ? 

P.  32.  How  is  advantage  taken  of  the  expansion  of  iron  by  heat  in  the 
tiring  of  wheels  ? 

How  are  clockj  affected  by  the  expansion  and  contraction  of  their  pen* 
dulums  in  summcT  and  winter  ? 

Why  are  brittle  substances  broken  when  unequally  heated  ? 

How  may  the  expansion  of  a  liquid  be  shown  ? 

P.  33.  Do  all  li(iuids  expand  equally  by  an  equal  increase  of  temperature  ? 

Do  liquids  expand  more  or  less  at  bugh  temperatures  than  at  low,  for 
equal  increments  of  heat  ? 

What  peculiarity  in  the  effect  of  heat  upon  some  bodies  is  mentioned  ? 

How  does  the  specific  gravity  of  ice  compare  with  that  of  water? 

Is  it  merely  in  the  act  of  freezing  that  water  expands  ? 

How  may  the  expansion  of  water  by  freezing  be  shown  ? 

P.  34.  At  whcU  temperature  is  water  most  dense  t 
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What  U  the  ripUnation  given  of  the  ezpannoo  of  water  in  ftaeiiugf 

H'kmt  M  grfntnd  or  anekor  ice^  and  what  if  the  expUxmatmrn  tf  ita  fm 
tUmf 

What  othirr  •uhetaiiros  besides  water  expand  on  solidifying? 

V,  :t.^.  What  would  he  the  effect  upon  large  bodies  of  water,  if  tts 
•ity  continued  to  increase  as  it  froxe,  as  is  the  case  with  meroiry  an' 
other  sulMtances  f 

Why  dues  ice  float  upon  the  surface  of  water  f 

How  much  does  the  volume  of  a  gas  at  32^  expand  ior  ererj  degree  it  is 
heattnir 

What  is  tho  design  of  the  thermometer  t 

Who  lirat  constructed  a  thermometer  f 

How  was  the  thermometer  of  Sanctorio  constructed? 

What  are  the  objections  to  the  use  of  this  thermometer? 

r.  IH».  How  is  the  Diferential  thermometer  constructed  f 

Will  this  thermometer  indicate  changes  of  temperature  in  the  atmoqtfaenf 

What  usci  is  made  of  it  f 

What  was  the  peculiarity  of  Howard's  thermometer? 

IV  37.  Do  solids  answer  well  for  constructing  thermometerB  ? 

What  are  some  of  the  properties  required  in  a  substance  for  formiog  a 
good  thermometer  t 

What  substance  fulfils  these  conditions  better  than  any  other? 

Are  its  expansions  for  a  given  increase  of  temperature  the  same  at  aU 
temperatures  t 

How  is  the  common  thermometer  constructed  f 

P.  3H.  What  thermometer  is  chiefly  used  in  this  country  and  in  England  f 

Where  is  the  lero  on  this  thermometer  f 

How  many  degrees  are  there  between  the  freezing  and  the  boiling  points? 

What  are  the  peculiarities  of  the  centigrade  thermometer,  and  that  of 
Reaumur  f 

How  are  degrees  below  lero  usually  designated  f 

("an  tlie  mercurial  thermometer  bo  used  to  measure  temperatures  below 
the  freezing  jK>inl  of  mercury  f 

What  thermometer  is  made  use  of  for  this  purpose? 

Can  the  indications  of  the  mercurial  thermometer  for  temperatures  above 
JJl'^^  be  fully  relied  upon  ? 

r.  39.  W  nat  is  tho  design  of  the  Register  thermometer  t 

I  low  is  it  constructed  f 

What  is  the  yifromettrt 

Vpon  what  uoes  the  action  of  most  pyrometers  depend  ? 

P.  40.  In  what  three  states  does  matter  exist  ? 

Vpon  what  does  the  form  any  body  assumes  depend  ? 

To  what  is  the  property  of  repulsion  owing  t 

How  may  the  form  of  a  body  be  made  to  vary  at  pleasure  ? 

What  is  meant  by  tho  melting  point  of  a  body  ?    What  by  the  freezing 
point  f 

If  a  pound  of  water  at  32<^  is  mixed  with  another  pound  at  172°,  what 
will  be  the  tempcmturo  of  the  mixture  7 

But  if  a  pound  of  ice  at  32°  is  mixed  with  a  pound  of  water  at  172®,  what 
will  be  the  resulting  temperature  f 

P.  41.  How  many  degrees  of  heat  are  absorbed  by  water  as  it  form? 
from  ice  f 

What  is  meant  by  the  heat  of  fluidity  f 
Js  tho  heat  of  fluidity  the  same  in  different  substances  ? 

How  is  liquefaction  generally  produced  ? 

How  is  liquefaction  produced  m  freezing  mixtures  ? 

What  is  said  of  the  cold  produced  by  a  mixture  of  snow  and  chloride  of 
calcium  t 
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Is  heat  always  absorbed  during  the  solution  of  a  salt  f 

P.  42.  What  effect  is  produced  upon  the  temperature  when  liquids  ooa- 
geaU 

How  low  may  water  be  cooled  without  freezing  I 

How  is  a  thermometer  placed  in  it  affected  when  freezing  commenoes  t 

In  what  two  states  on  the  theory  of  Black  does  heat  exist  f 

When  a  soUd  becomes  Uquid,  what  is  supposed  to  become  of  its  firee  ca- 
loric t 

What  is  the  greatest  cold  that  has  been  produced  bv  freezing  mixtures  f 

How  great  a  cold  has  been  produced  by  means  of  soUd  carbonic  add  t 
(See  81). 

Has  the  absolute  zero  been  determined  ? 

P.  43.  Into  what  two  classes  are  aeriform  substances  divided? 

What  is  the  distinction  between  them  ? 

What  is  the  cause  of  vaporization  I 

When  is  a  substance  said  to  be  fixed  in  the  fire  ? 

Are  liquids  or  sohds  the  more  readily  converted  into  vapors? 

Do  vapors  occupy  more  or  less  space  than  the  sohds  or  hquids  from 
which  they  are  formed  ? 

How  many  times  its  volume  does  water  expand  in  changing  into  steam  f 

How  are  Ehullition  and  Evaporation  distinguished  ? 

P.  44.  What  is  meant  by  the  boiling  point  of  a  Uquid  ? 

At  what  temperatures  do  alcohol,  water  and  ether  boil  ? 

What  is  the  temperature  of  boiling  mercury  ? 

Is  the  boiUng  pomt  of  a  substance  constant  ? 

What  circumstance  essentially  affects  the  boiling  point  of  liauids  ? 

What  is  the  pressure  of  the  atmosphere  upon  every  square  incn  of  sur&ce  t 

Why  does  water  boil  at  a  lower  temperature  on  a  mountain  than  in  a 
▼alley? 

If  the  pressure  of  the  atmosphere  were  removed  entirely,  how  would  it 
affect  the  boihng  point  of  Uauias  ? 

P.  45.  Is  a  liquid  alwavs  hot  when  it  boils  ? 

Why  cannot  water  be  heated  in  the  open  air  above  212°  ? 

May  it  be  heated  above  212°  when  confined  ? 

What  is  the  tension  of  steam  arising  from  water  heated  to  250°  ? 

On  what  two  properties  of  steam  does  its  application  in  working  the 
Bteam  engine  depend  ? 

P.  46.  Is  the  formation  of  vapor  attended  by  the  absorption  of  heat  ? 

How  much  heat  is  given  out  when  steam  at  212°  is  converted  into  water 
at  212°  ? 

In  what  does  distillation  consist  ? 

P.  47.  When  is  the  term  condensation  used  ?  When  the  term  svhlima' 
tiont 

What  is  meant  by  evaporation  ? 

Do  all  hquids  evaporate  with  equal  rapidity  ? 

What  are  the  chief  circumstances  that  influence  evaporation  ? 

P.  48.  How  may  it  be  shown  that  caloric  is  absorbed  during  the  evapo- 
ration of  a  Uquid  ? 

How  may  water  be  frozen  by  its  own  evaporation  under  the  receiver  of 
the  air-pump  ? 

On  what  principle  is  the  water  frozen  in  the  cryophorus  ? 

P.  49.  How  is  the  temperature  of  the  human  system  prevented  from 
tising  too  hi^h  in  warm  weather  ? 

To  how  high  temperatures  have  individuals  voluntarily  exposed  them- 
selves without  injury  f 

How  is  the  high  temperature  of  summer  mitigated  ? 

Why  are  porous  eartnen  vessels  sometimes  cnosen  to  contain  water  for 
drinking  in  warm  weather  ? 


I 
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p.  50.  What  waa  formerly  supposed  to  be  the  cause  of  the  evaporalkm 
of  water  in  the  air  ? 

What  is  the  true  cause  of  evaporation  ? 

What  constitutes  the  mists  and  clouds  which  are  constantly  seen  in  the 
atmosphere  f 

P.  51.  How  is  it  that  all  the  water  on  the  surface  of  the  earth  is  oon- 
■tantly  subjected  to  a  natural  distillation  f 

What  may  the  gases  be  considered  f 

Why  are  these  substances  always  found  in  the  gaseous  state  f 

What  is  the  usual  method  of  liquefying  a  gas  f 

What  is  the  only  gas  that  has  been  soudified  I 

What  is  the  method  of  solidifying  carbonic  acid  gas  f 

P.  52.  What  is  the  appearance  offirozen  carbonic  acid  f 

P.  54.  Does  the  thermometer  indicate  the  quantity  of  heat  in  a  body? 

Does  equality  of  temperature  in  two  bodies  necessarily  imply  that  they 
contain  the  same  amount  of  heat? 

If  a  pound  of  mercury  at  160^  is  mixed  with  a  pound  of  water  at  40^» 
what  will  be  the  temperature  of  the  mixture  ? 

If  the  water  is  at  160<^  and  the  mercury  at  40^,  what  will  be  the  result- 
ing temperature  f 

If  a  ^ven  amount  of  heat  raises  the  temperature  of  water  5  degrees,  how 
high  will  it  heat  an  equal  weight  of  mercury  ? 

P.  55.  If  equal  quantities  of  heat  are  added  to  equal  weights  of  water, 
spermaceti  oil,  and  mercury,  what  will  be  their  relative  temperatures  t 

What  is  meant  by  the  specific  heat  of  a  body  f 

P.  56.  Is  the  specific  heat  of  all  bodies  the  same  f 

Is  the  specific  heat  of  a  body  greatest  when  in  the  solid  or  liqiud  state  f 

How  is  a  thermometer  affectea  when  placed  under  the  receiver  of  the  air- 
punip  and  the  air  exhausted  ? 

Wliat  is  the  principle  upon  whiih  the  fire-syringe  operates  t 

Why  is  a  piece  of^metal  heated  by  hammering  ? 

P.  57.  What  are  some  of  the  principal  sources  of  heat  f 

What  is  the  great  source  of  heat  to  the  earth  ? 

How  may  the  heat  of  the  sun  be  greatly  concentrated  f 

How  is  artificial  heat  generally  produced  ? 

What  is  said  of  the  heat  produced  by  the  boring  of  cannon  f 

P.  58.  What  two  theories  of  light  have  been  proposed  ? 

What  was  Newton's  theory  7 

What  is  the  undulatory  theory  ? 

Which  is  now  most  generally  received  ? 

P.  59.  From  what  points  in  a  luminous  body  does  light  emanate  7 

What  is  meant  by  a  ray  of  Ught  7 

In  what  direction  does  light  always  move  unless  turned  out  of  its 
course  7 

Is  the  passage  of  light  instantaneous  or  progressive  7 

When  is  light  said  to  be  reflected  f 

What  kind  of  siirfaces  reflect  light  most  perfectly  7 

P.  60.  What  two  laws  govern  tne  reflection  of  light  7 

When  is  light  said  to  be  refracted  f 

P.  61.  Is  there  any  difference  in  the  power  of  bodies  to  refract  light  7 

What  class  of  bodies  refract  light  most  powerfully  7 

What  two  laws  govern  the  retraction  of^  light  7 

P.  62.  What  is  meant  by  the  index  of  refraction  t 

What  is  meant  by  double  refraction  ? 

P.  63.  How  may  the  analysis  of  light  be  effected  7 

How  did  Newton  decompose  light  7 

What  is  the  solar  spectrum  t 

What  is  the  most  couvenient  instrument  for  decomposing  light  ? 
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p.  64.  What  occasions  one  of  the  greatest  difficulties  in  the  manufacture 
of  telescopes  ? 

What  is  meant  by  an  achromatic  optical  instrument  ? 

How  are  the  different  colors  of  bodies  explained  ? 

What  are  the  three  primary  colors,  according  to  Brewster  ? 

In  what  part  of  the  spectrum  is  the  maximum  illumination  ? 

Does  the  solar  ray  contain  heat  as  well  as  light  ? 

P/65.  Is  the  solar  ray  capable  of  producing  chemical  changes? 

What  effect  is  produced  by  light  upon  the  white  chloride  of  silver  f 

Is  it  supposed  the  rays  wmch  produce  the  chemical  changes  are  separate 
from  the  heating  and  colorific  rays  ? 

P.  66.  What  IS  PAoto^rapAy? 

How  are  pictures  formed  on  paper  by  means  of  chloride  of  silver  f 

What  is  the  Daguerreotype  f 

What  are  the  essential  parts  of  the  Daguerreotype  process? 

P.  67.  Does  terrestrial  light  differ  eserentially  from  solar  light  ? 

When  is  a  body  said  to  be  incandescent  t 

At  what  temperature  does  a  heated  body  become  luminous  in  the  dark  ? 

Do  the  various  kinds  of  artificial  light  differ  in  the  appearances  presented 
when  transmitted  through  the  prism  ? 

P.  68.  How  is  Ume  made  to  emit  a  dazzling  light  ? 

Whit  is  meant  by  the  phosphorescence  of  a  body  t 

P.  69.   WhtU  is  the  design  of  the  photometer  t 

P.  70.  \Vhat  effect  is  produced  upon  some  bodies,  as  glass,  sealing-waz, 
and  sulphur,  by  being  rubbed  ? 

What  is  the  derivation  of  the  word  electricity  t 

When  is  a  body  said  to  be  electrically  excited  ? 

P.  71.  When  an  electrified  body  touches  one  that  is  not  electrified,  what 
18  the  effect  produced  ? 

What  are  conductors  and  non-conductors  of  electricity  ? 

What  are  some  of  the  bodies  belonging  to  each  class  ? 

P.  72.  When  is  a  body  said  to  be  insulated  ? 

Why  are  electrical  experiments  apt  to  fail  in  damp  weather  ? 

What  terms  are  used  to  designate  the  different  kmds  of  electricity  devel- 
oped upon  seaUngr-wax  and  upon  glass  ? 

P.  73.  Are  both  electricities  always  excited  by  friction  ? 

Why  are  not  both  collected  ? 

When  sealing-wax  is  rubbed  with  brown  paper,  which  will  be  positive 
and  which  negative  ? 

What  is  the  state  of  glass  when  rubbed  ? 

Is  it  known  whether  electricity  is  really  a  material  agent? 

What  is  Dufay's  theory  of  electricity  ? 

P.  74.  When,  on  this  theory,  is  a  body  in  its  natural  state  f 

What  is  Franklin's  theory  ? 

On  this  theory,  when  is  a  body  in  a  state  of  excitement? 

When  do  bodies  attract,  and  when  repel  each  other  ? 

P.  75.  What  is  the  design  of  the  electrical  machine  ? 

What  are  some  of  its  principal  parts  ? 

To  what  is  the  electricity  excited  by  the  machine  to  be  attributed  ? 

P.  76.  Can  any  quantity  of  electricity  be  obtained,  when  the  rubb^  and 
the  prime  conductor  are  both  insulated  ? 

How  is  electricity  excited  in  the  metals  by  change  of  temperature  ? 

What  is  the  thermo-multiplier  ? 

P.  77.  What  is  said  of  chemical  action  as  a  source  of  electricity  ? 

P.  78.  May  electricity  be  developed  by  change  of  form  in  a  body  ? 

P.  79.  When  is  a  body  said  to  be  electrified  by  induction  t 

P.  80.  How  is  the  Leyden  jar  constructed  ? 

How  is  the  electric  shock  produced  by  means  of  the  jar  ? 
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To  wliom  is  the  sdenoe  of  GalTuiisin  indebted  lor  its  origin  and  its  name? 

What  was  the  diacoyerr  made  by  Galvani  f 

P.  51.  To  what  did  Volta  attribute  the  eleetriatr  excited  f 

Are  common  electricity  and  galvaQiam  attributed  to  the  same  agent  ? 

Of  what  doea  a  simpU  galumie  cirde  consist  f 

P.  82.  When  is  the  circle  said  to  be  eitmed  t 

P.  83.  What  is  the  direction  of  the  poeitiTe  current? 

How  may  a  simple  galvanic  circle  be  formed  of  one  metal  and  two 
limiids  f 

P.  85.  Is  it  necessary  that  tine  and  copper  should  always  be  used  f 

Must  the  liquid  always  contain  an  acid  f 

Under  what  circumstances  is  the  galvanic  acticm  Hioet  intense  f 

How  is  the  rapidity  with  which  the  metals  are  acted  on  by  the  solntion» 
affected  by  the  galvanic  current  which  is  excited  ? 

WheU  is  galvanixed  iron  t 

P.  86.  Are  metallic  bodies  essential  to  the  production  of  galvanic  phe- 
nomena ? 

Of  what  does  the  galvanic  battery  consist  f 

How  is  the  Vdtaie  pile  constructed  f 

P.  87.  What  is  meant  by  the  poles  or  deetrodes  t 

P.  88.  What  is  the  peculiarity  of  the  galvaniede/UigraUrt 

What  is  the  peculiar  construction  of  the  eahrimetar  t 

P.  89.  Does  the  energy  of  the  battery  depend  m  any  degieo  upon  the 
nature  of  the  liquid  used  f 

What  liauid  answers  best  for  ^neral  purposes  t 

P.  90.  What  is  meant  by  the  mteneity  of  aa  electric  ourrent  f 

Upon  what  may  we  suppose  it  to  depend  f 

What  kind  of  oonductors  do  large  quantities  require? 

What  is  said  of  the  intensity  of  the  current  from  a  sin^  pair  of  plates  ? 

What  kind  of  circle  gives  a  current  of  the  highest  intensity  ? 

P.  91.  Into  what  three  classes  may  the  effects  of  galvanism  be  divided? 

Do  the  electrical  effects  depend  most  upon  intensity  or  upon  quantity  I 

What  is  the  effect  of  sending  the  current  through  charcoal  ? 

P.  92.  What  was  the  first  chemical  effect  of  gtuvanism  discovered  ? 

At  which  wire  is  the  oxygen  collected,  when  water  is  decomposed  ? 

Why  is  it  necessary  to  use  gold  or  platinum  wires  f 

May  salts  be  decomposed  in  a  similar  manner  I 

What  are  dectro-negative  and  electro-positive  substances  ? 

P.  93.  How,  in  decomposing  a  salt,  may  the  acid  be  collected  m  one  cup 
and  the  base  in  another  ? 

What  are  meant  by  anode  and  cathode  1 

P.  94.  What  is  it  to  electrolyze  a  compound? 

What  are  anions  and  cations  t 

Are  all  compounds  electrolytes  ? 

P.  95.  What  is  loadstone  t 

What  are  the  poles  of  a  magnet  ? 

P.  96.  If  a  magnet  is  suspended  in  a  horizontal  position,  in  what  direction 
will  it  settle  ? 

When  do  two  magnets  attract  each  other,  and  when  do  they  repel  ? 
'   What  is  the  effect  upon  a  piece  of  soft  iron,  when  brought  m  the  vicinity 
of  a  magnet  ? 

What  is  an  artificial  magnet  ? 

P.  97.  What  is  the  armature  or  keeper  t 

What  is  the  magnetic  needle  t 

How  is  the  dipping  needle  constructed  ? 

What  may  the  earth  be  considered,  in  reference  to  magnetism  ? 

What  effect  has  lightning  long  been  known  sometimes  to  produce  upon 
the  magnetic  needle  ? 
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P.  98.  What  was  Oersted's  discovery,  that  has  laid  the  foundation  for  the 
science  of  electro- magnetism  ? 

What  is  the  method  suggested  by  Ampere  for  remembering  the  direction 
of  the  movements  I 

When  the  influence  of  the  earth's  magnetism  is  neutralized,  what  position 
will  the  needle  take  with  reference  to  the  wire  ? 

Is  the  conducting  wire  capable  of  attracting  and  repelling  the  magnet  7 

P.  99.  Do  the  poles  tend  to  revolve  around  the  wire  ? 

If  we  suppose  the  conducting  wire  to  be  in  a  vertical  position,  and  the 
positive  current  descending,  in  which  direction  will  the  north  pole  of  a  mag- 
net in  the  vicinitv  of  the  wire  tend  to  revolve  ? 

P.  100.  Are  the  phenomena  of  electro-dynamics  produced  by  accumu- 
lated electricity,  or  by  electricity  in  motion  ? 

What  is  the  best  form  of  a  battery  for  producing  the  magnetic  effects  7 

What  is  the  galvanometer  or  galvanic  multiplier  t 

P.  101.  How  does  the  influence  of  a  single  point  of  the  conducting  wire 
upon  the  needle,  vary  with  the  distance  ? 

P.  102.  How  is  De  la  Rive's  ring  constructed  ? 

How  will  it  arrange  itself  when  Tree  to  move  ? 

What  may  we  therefore  regard  it  ? 

P.  103.  How  may  magnetism  be  induced  in  pieces  of  soft  iron  by  means 
of  the  galvanic  current  ? 

How  may  a  piece  of  soft  iron  in  the  form  of  a  horse-shoe  be  magnetized  f 

P.  104.  In  order  to  develope  magnetism  the  most  freely,  shoulathe  wire 
be  in  a  single  piece  or  in  several  pieces  7 

What  is  the  electro-magnetic  engine  t 

P.  105.  What  is  Ampere's  theory  of  magnetism  7 

If  we  suppose  the  magnet  to  be  a  straight  bar,  and  to  stand  on  its  north 
pole,  in  what  direction  does  the  positive  current  move  in  the  south  pole, 
standing  upward  7 

P.  106.  How  are  electric  currents  supposed  to  move  in  the  earth  t 

Does  a  current  passing  through  a  helix,  excite  a  current  in  another  helix 
coiled  around  it  7 

P.  107.  What  is  magneto- electricity  t 

How  is  electricity  excited  by  magnetism  7 

P.  109.  What  was  the  theorv  of  galvanism  proposed  by  Voltal 

P.  110.  Who  proposed  the  chemical  theory  7 

What  is  the  chemical  theory  7 

What  was  Davy's  theory  7 

P.  111.  Which  of  these  theories  is  now  generally  received 7 

May  a  spark  sometimes  be  obtained  before  the  contact  of  the  metals 7 
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Page  113.  What  is  meant  by  the  specific  gravity  of  a  body  7 
How  is  it  found  7 

P.  114.  How  is  the  hydrometer  constructed  7 
How  is  the  specific  gravity  of  a  solid  found  7 
For  what  is  Nicholson's  areometer  used  7 

P.  115.  What  substance  is  taken  for  the  standard,  in  determining  the 
specific  gravity  of  the  gases  ? 

P.  116.  What  suggested  the  name  of  oxygen? 
What  is  an  oxide  7 

How  are  the  different  acids  of  the  same  substance  designated  t 
39* 
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How  are  addi  named  that  cootain  no  oxygen  t 

When  is  the  termination  uret  used  f 

P.  117.  How  are  the  difierent  oxides  of  the  tame  mihstance  deiig- 
Bated? 

la  the  termination  %rei  as  much  used  as  formerly  f 

What  ia  a  M^  f 

How  do  we  diatinguiah  the  aalta  of  the  different  acida  f 

What  are  neutral^  sub,  and  super  aalta  f 

P.  118.  What  numerals  are  used  when  the  acid  is  in  exceaaf 

What  are  used  when  the  baae  is  in  excess  7 

What  are  acid  and  basic  salts  f 

What  is  meant  by  the  terms  monobasic,  bibasic,  Slc  f 

To  what  are  all  chemical  phenomena  owing  ? 

P.  1 19.  At  what  distances  is  this  force  exerted  f 

What  simple  instances  of  the  exercise  of  afiinitjr  are  mentioned  f 

Why  does  not  sugar  dissolve  with  equal  facility  in  alcohol  and  water ! 

Why  is  affinity  said  to  be  elective  f 

What  is  meant  by  single  elective  affinity  f 

Why  is  camphor  set  free  from  its  solution  in  alcohol  by  pouring  in  water  f 

P.  120.  Is  chemical  action  to  be  regarded  as  the  result  of  affinity  aUme  t 

P.  121.  How  manv  compounds  are  destroyed,  and  how  many  new  ones 
formed,  in  cases  of  double  elective  affinity  f 

What  is  meant  by  quiescent  and  divdlent  affinities  f 

P.  122.  What  are  some  of  the  circumstances  that  affect  the  action  of 
affinity  ? 

By  what  two  methods  may  cohesion  be  diminished  7 

P.  123.  How  is  chemical  action  affected  by  elasticity  f         ' 

How  does  heat  influence  chemical  action  f 

P.  125.  Do  any  important  ch^n^^es  take  place  during  chemical  action! 

Could  we  judge  of  the  composition  of  water,  from  a  mere  knowledge  of 
ita  eeneral  properties  f 

who  first  proved  the  compound  nature  of  the  alkalies  f 

P.  12^.  Is  It  possible  to  predict  the  properties  of  a  compound  from  know- 
ing those  of  its  ingredients  ? 

what  effect  is  usually  produced  upon  the  bulk  of  two  bodies  when  they 
combine  ? 

What  occasions  the  heat  produced  when  lime  is  slacked  f 

Are  the  changes  producea  by  chemical  combination  various  ? 

What  are  some  of  the  examples  mentioned  ? 

P.  127.  Do  substances  combine  indefinitely^  in  all  proportions  f 

Do  water  and  alcohol,  or  water  and  sulphuric  acid,  unite  in  all  proportions  7 

What  is  said  of  the  solution  of  common  salt  in  water  ? 

P.  128.  Do  the  metals  combine  in  definite  proportions  7 

What  indications  are  there  that  in  these  cases  there  are  a  few  definite 
compounds  formed  7 

P.  129.  What  is  the  first  law  of  combination  7 

What  is  the  second  law  of  combination  7 

What  is  adopted  in  this  work  as  the  unit  of  the  system  of  numbers  used 
to  designate  the  proportions  in  which  substances  combine  7 

P.  130.  What  is  meant  by  the  equivalent  of  a  substance  7 

How  is  the  equivalent  of  a  compound  substance  determined  f 

P.  131.  What  is  the  third  law  of  combination  7 

P.  132.  What  is  the  fourth  law  of  combination  7 

P.  135.  What  is  the  object  of  using  chemical  symbols  7 

From  what  are  they  derived  ? 

P.  137.  What  is  a  crystaU 

What  are  the  most  favorable  conditions  for  the  formation  of  crystals  7 

Js  the  number  of  forms  in  which  a  substance  may  crystalize  limited  7 
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P.  138.  May  crystaline  forms  serve  as  a  ground  of  distinction  between 
substances  f 

Does  cryatdUzatioH  sometimes  take  place  in  solids  t 

Into  what  two  classes  are  the  forms  of  crystals  divided  7 

P.  139.  What  is  the  number  of  primary  forms  f 

Into  what  three  classes  may  they  be  divided  ? 

What  are  right  prisms  1 

What  are  oblique  prisms  t 

How  many  octohedrons  are  there  f 

P.  140.  What  is  the  form  of  the  cube  ? 

How  is  the  right  square  prism  defined  f  ! 

How  is  the  right  rectangular  prism  described  ?  i 

P.  141.  What  is  the  form  of  the  rhombohedron  f 

What  is  the  form  of  the  risht  rhomboidal  prism  ? 

How  is  the  regular  octohedron  described  ? 

What  is  the  form  of  the  rectangular  octohedron  ? 

P.  142.  How  is  the  rhombic  dcKlecahedron  defined  ? 

What  is  said  of  the  number  of  the  secondary  forms  f 

How  are  they  derived  from  the  primary  forms  ? 

What  is  meant  by  a  tangent  plane  ? 

P.  143.  What  is  a  system  of  crystalixation  t 

How  many  systems  of  crystalization  are  there  ? 

How  many  different  forms  of  cr3r8tals  of  carbonate  of  lime  are  known  f 

When  are  two  bodies  said  to  be  isomorphous  ? 

Are  there  known  many  isomorphous  substances  ? 

P.  144.  Do  isomorphous  substances  generally  resemble  each  other  in 
their  various  propnerties  ? 

P.  145.  When  is  a  substance  said  to  he  dimorphous  f 

By  whom  was  oxygen  discovered  ? 

What  are  some  of*^  tne  names  by  which  it  has  been  known  f 

Why  has  it  received  its  present  name  ? 

By  what  two  methods  may  it  be  obtained  from  the  peroxide  of  manganese  f 

P.  146.  Does  this  substance  afford  the  gas  perfectly  pure  ? 

What  is  said  to  be  the  best  method  of  preparing  oxygen  for  ordinary  pur- 
poses? 

P.  147.  What  are  the  changes  that  occur  during  the  formation  of  the  gas 
by  this  process  ? 

What  are  some  of  the  properties  of  this  substance  that  are  mentioned  7 

What  is  the  specific  gravity  of  oxygen  gas  ? 

Is  it  absorbed  bjr  water  ? 

What  is  said  of  its  affinity  for  other  simple  substances  ? 

What  is  an  oxide  ? 

How  are  the  oxides  divided  ? 

What  is  ordinarv  combustion  ? 

Do  substances  tnat  burn  in  air,  bum  more  freely  in  oxygen  ? 

P.  148.  How  are  iron  and  steel  made  to  hum  in  oxygen  f 

What  are  the  phenomena  that  are  exhibited  during  the  combustion  of  a 
taper  in  oxygen  ? 

What  are  the  chemical  changes  that  take  place  ? 

Does  oxygen  always  disappear  during  combustion  f 

Does  the  product  of  the  combustion  weigh  more  or  less  than  the  com- 
bustible body  consumed  ? 

Are  the  wood  and  other  substances  consumed  in  fires  destroyed  f 

P.  149.  Is  oxygen  necessary  to  support  respiration  ? 

What  will  be  the  effect  if  a  bird,  or  other  small  animal,  is  confined  in  a 
limited  portion  of  atmospheric  air  ? 

Will  a  lighted  taper  continue  to  bum  in  an  atmosphere  that  will  not  sup- 
port respiration  f 
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What  is  th«  effect  of  breathing  pure  ozy^n  gas  ? 

What  does  the  term  eombustion  imply  in  its  common  signification f 

May  other  substances  besides  oxygen  support  combustion  f 

P.  150.  What  ma?  combustion  be  consiaered  f 

To  what  did  Stahl  attribute  the  combustibitity  of  bodies  ? 

What,  on  the  StahUan  theory,  was  a  metallic  oxide  considered  t 

On  this  theory,  should  the  product  of  combustion  weigh  more  or  Ie« 
than  the  combustible  body  consumed  f 

What  was  Jivdroffen  formerly  called  f 

Why  is  it  called  hydrogen  ? 

P.  151.  What  two  metnods  are  given  for  procuring  hydrogen  f 

Which  method  is  most  convenient  f 

Does  this  method  afford  perfectly  pure  hydrogen  f 

What  are  some  of  the  properties  of  this  substance  that  are  mentioned  f 

P.  152.  What  is  its  specific  gravity  f 

What  is  the  weight  of  100  cubic  inches  f 

Does  it  support  reppiration  f 

Does  it  support  combustion  f 

What  is  said  of  its  combustibleness  f 

Why,  in  the  experiment  ¥nth  the  candle,  does  the  gas  burn  only  at  the 
surface  ? 

What  effect  is  produced  by  flame  on  a  mixture  of  this  substance  and 
atmospheric  air  f 

Do  oxygen  and  hydrogen  gases  combine  at  ordinary  temperatures  f 

How  may  a  mixture  of  the  two  gases  be  inflamed  f 

What  is  the  effect  of  spongy  platinum  ? 

P.  153.  How  arc  musical  sounds  produced  by  a  jet  of  hydrogen  f 

What  is  said  of  the  heat  produced  by  the  combustion  of^  hydrogen  f 

How  are  oxyeen  and  hydrogen  burned  so  as  to  produce  great  heat  f 

What  is  the  danger  of  mixing  the  gases  before  tney  are  constmiedf 

P.  154.  How  many  compounds  of  nydrogen  and  oxygen  are  there  t 

What  is  the  sole  product  of  the  combustion  of  hydrogen  f 

How  has  the  composition  of  water  been  demonstrated  f 

P.  155.  What  is  the  quantity  of  oxygen  and  of  hydrogen  in  100  parts  of 
water  ? 

What  is  the  explanation  of  the  process  of  procuring  hydrogen  by  the 
action  of  diluted  sulphuric  acid  upon  zinc  ? 

What  are  some  ot  the  properties  of  water  that  are  mentioned  7 

What  are  the  compounds  of  water  called  7 

P.  156.  For  what  purpose  is  the  adjunct  hydro  used  ? 

What  is  the  source  of^  the  purest  natural  water  ? 

What  ^as  is  contained  in  rain  and  snow  water  ? 

What  IS  the  source  of  the  impurities  contained  in  well  and  spring  water  ? 

How  may  water  be  obtained  absolutely  pure  7 

What  is  the  composition  of  peroxide  of  hydrogen  7 

P.  157.  Who  first  determined  the  existence  otnitrogen  as  a  separate  sub« 
stance  7 

Why  was  it  once  called  azote  t 

How  is  nitrogen  gas  most  conveniently  obtained  7 

Is  this  gas  sometimes  found  in  the  water  of  mineral  springs  7 

What  are  some  of  the  properties  of  nitrogen  7 

Will  it  support  combustion  or  respiration  7 

P.  158.  Wnat  is  its  specific  gravity  7 

Is  it  a  simple  substance  7 

How  many  compounds  of  nitrogen  and  oxygen  are  there  besides  atmo* 
spheric  air  7 

Where  is  atmospheric  air  found  7 

How  many  times  is  atmospheric  air  lighter  than  water  7 
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What  is  the  weight  of  100  cubic  inches  ? 

Who  first  noticed  the  pressure  of  the  atmosphere  ? 

What  is  the  amount  oi  the  atmospheric  pressure  at  the  surface  of  the  sea 
for  every  square  inch  ? 

How  high  will  it  support  a  column  of  water  ? 

P.  159.  Is  this  pressure  variable  ? 

How  is  it  affected  by  elevation  above  the  surface  of  the  sea  f 

Is  the  pressure  of  the  air  constant  at  the  same  place  ? 

How  is  a  given  volume  of  air  affected  by  pressure  ? 

Where  is  the  atmosphere  most  dense  ? 

To  what  height  does  the  atmosphere  extend  t 

P.  160.  What  is  the  best  method  to  determine  the  relative  proportion  of 
oxygen  in  the  atmosphere  ? 

What  is  the  proportion  of  oxygen  and  nitrogen  found  to  be  f 

Is  the  proportion  uniform  ? 

What  other  gases  are  always  found  present  ? 

Is  the  proportion  of  carbonic  acid  gas  always  the  same  ? 

P.  161.  What  is  the  medium  quantity  of  10,000  parts  of  au*? 

To  what  are  the  chief  chemical  properties  of  air  owing  t 

Is  the  use  of  the  nitrogen  fully  known  ? 

P.  162.  What  is  the  composition  of  protoxide  of  nitrogen  t 

How  is  it  prepared  ? 

What  are  the  chemical  changes  that  take  place  ? 

Does  this  gas  support  combustion  ? 

P.  163.  What  is  its  specific  gravity  t 

Does  it  support  respiration  ? 

What  effect  does  it  produce  when  breathed  f 

What  is  the  binoxide  of  nitrogen  t 

What  has  it  been  called  ? 

By  what  means  is  it  prepared  ? 

P.  164.  What  are  some  of  its  properties  f 

What  effects  are  produced  when  it  is  mixed  with  atmospheric  air  f 

Are  any  substances  capable  of  burning  in  it  ? 

Can  it  be  breathed  ? 

What  is  its  specific  gravity  ? 

WTiat  is  the  composition  of  hyponitrous  acid  t 

P.  165.  What  is  the  composition  of  nitrous  acid  f 

May  nitric  acid  be  formed  by  the  direct  union  of  its  elements  f 

Can  it  exist  in  an  insulated  state  ? 

P.  166.  What  is  the  common  name  for  ordinary  liquid  nitric  acid  f 

How  is  the  nitric  acid  of  commerce  prepared  ? 

Is  the  acid  thus  formed  pure  ? 

To  what  is  the  yellow  color  of  ordinary  nitric  acid  owing  ? 

How  may  the  nitrous  acid  be  expelled  ? 

P.  167.  What  is  the  specific  gravity  of  the  stroiij^est  nitric  acid  t 

Under  what  circumstances  may  tne  strength  of^nitric  acid  be  increased 
by  boihng  ? 

What  two  varieties  of  nitric  acid  are  known  in  commerce  f 

At  what  temperatnre  does  the  strongest  nitric  acid  freeze  f 

How  are  most  of  the  metals  acted  on  by  this  acid  ? 

What  effect  is  produced  if  it  is  flung  on  burning  charcoal  t 

What  effect  is  produced  by  it  on  powdered  charcoal  and  oil  of  turpentine  f 

P.  168.  How  does  it  affect  vegetable  substances? 

How  does  it  affect  the  nails  and  skin  ? 

How  may  gold-leaf  be  made  use  of  as  a  test  for  nitric  acid  f 

What  use  is  made  of  it  in  the  arts  ? 

What  is  the  only  compound  of  nitrogen  and  hydrogen  7 

By  what  other  names  has  ammonia  been  known  7 
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P.  169.  What  IB  ihe  moai  coDvaniem  mediod  of  oblaining  g 
monia  I 
Whm  sail  IB  BomBlinies  found  in  rain-waler  aflei  a  thunder  etc 

How  may  an  abundsni  Bupply  of  the  gaa  be  obtamed  I 
Whal  ia  mid  of  the  odor  ot  ammonia  ! 
May  ii  bo  inflamed! 

Wbal  pressure  is  required  to  condenae  it  into  a  liquid  f 
Why  is  it  called  Toladle  alkali  I 

Have  WB  aynlbeiic  proof  of  the  compoBilioii  of  animonia  I 
How  has  ii  been  analyzed  T 
P.  170.  Whw  ti  iia  Bpecific  grariiy  I 
What  is  said  of  its  affiniiy  for  water  I 
What  ia  tho  common  liqsid  amnHmia  t 
How  many  limes  its  own  volume  wiil  water  absorb  t 
Al  what  lemperaiurc  does  ii  freeia  ( 
How  may  a  Teaael  be  readily  filled  with  ihe  gaa  ? 
What  ia  Slid  of  Ihe  general  dislribulion  of  carbon  t 
In  what  ia  carbon  found  in  a  Blale  of  purity  ) 
How  is  common  cAamnl  prepared  I 
Whal  la  take  T 

Whal  is  iunn/  Wart  f     Lampblack  I 
Whal  IB  said  of  the  haidness  of  the  diatnond  t 
What  is  its  specitic  gravity  ? 
Who  firsl  supposed  u  (o  be  combualible  ( 
Bow  was  the  fact  afterwards  proved  T 
How  is  ihe  diamond  known  to  be  crystaliied  carbon  ? 
Whal  are  some  of  Ibe  properties  of  charcoal  I 
Whal  is  Baid  of  its  power  of  absorbing  the  gaai>s  ? 
Can  it  be  aflecled  by  heal  if  oiygen  is  not  admltlcd  into  coota 
P.  172.  Wby  does  recently  burned  charcoal  become  heavier  ! 
in  Ihe  air  I 

What  is  B^tld  of  its  power  of  abBorbing  the  odoriferc 

Is  charcoal  combustible  7 

Why  does  it  not  take  lire  spnnlaneDUsly  in  the  open  ah- 1 

What  ia  the  proiluclof  its  combuBiionI 

What  is  grapiitt  or  jrfBKAifo  t 

What  use  is  made  of  carbon  ! 

P,  IT3.  How  many  compounds  of  carbon  and  oxygen  are  known  t 

How  may  protoxicle  of  carbon  be  prepared  I 

What  are  some  of  ihe  properties  of  carbonic  aside! 

Will  it  support  reapiration  or  combustion  I 

What  was  carbonic  acid  gas  formerlv  called  ! 

From  whal  was  it  obtained  by  Dr.  Slack  ) 

How  is  it  most  conveniently  prepared  ! 

P.  174.  Whal  ia  its  specific  gravity  ! 

"----■  -iuppori  cf— ' ■ — - —  ■ 
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How  is  a  bghled  candle  aflecied  when  plunEeil  in'"  " 
taining  a  large  quanlily  of  this  gaa  I 

Haw  does  it  operate  on  the  syslem  when  brealhcd  T 

How  is  Ume-waler  affecled  by  it  i 

P.  175.  Whal  is  said  of  ita  absorplion  by  waler  t 

How  ia  the  quantity  absorbed  afTecled  by  increasing  ll 

How  are  aoda  fountnlrs  conalrucled  ! 

What  occasions  the  efferveaeenee  which  is  observed 
of  lieor,  cider,  champaigne,  &c.  I 

How  may  water  be  deprived  of  ila  carbonic  add  I 

Is  ii  always  ibund  in  ibG  atmosphere  r 


almoBphere  o 
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What  18  it  sometimes  called  when  collected  in  quantities  in  coal  mines  f 

P.  176.  What  is  said  of  the  number  of  compounds  of  carbon  and  hydro- 
gen which  are  known  f 

What  two  only  will  be  described  f 

In  what  sitaations  is  light  carburetted  hydrogen  found  f 

What  are  some  of  its  properties  f 

P.  177.  Is  it  inflammable  f 

What  is  its  specific  gravity  f 

What  is  it  called  when  collected  in  larffe  quantities  in  coal  mines  f 

What  is  the  danger  occasioned  by  such  collections  of  the  gas  ? 

What  is  the  design  of  the  M/ely  lamp  t 

Can  flame  pass  through  wire  gauze  ? 

P.  178.  How  is  the  suety  lamp  constructed? 

Can  the  workmen  continue  to  use  this  lamp  in  an  ezplosiTe  mixture  of 
the  gas? 

P.  179.  Who  discoYered  olefiant  gas  f 

Why  did  it  receive  this  name  ? 

How  may  it  be  conveniently  prepared  ? 

What  is  its  specific  gravity  ? 

What  is  said  of  the  action  of  chlorine  upon  it  ? 

How  is  it  afiected  by  having  a  succession  of  electric  sparks  passed 
through  it  ? 

P.  180.  What  is  the  composition  of  cjranogen  ? 

How  is  cyanogen  prepared  ? 

What  is  said  of  its  color  and  odor  ? 

Does  it  support  combustion  ? 

What  is  said  of  its  tendency  to  unite  with  elementary  substances  ? 

P.  181.  In  what  situations  is  sulphur  usually  found? 

What  is  its  appearance  ? 

What  are  some  of  its  other  properties  ? 

How  is  it  affected  by  heat  ? 

How  may  it  be  crystalized  ? 

At  what  temperature  is  it  volatilized  ? 

P.  182.  What  Bie  flowers  qfsulj^urt 

Is  sulphur  soluble  in  water '/ 

How  may  it  be  dissolved  in  alcohol  ? 

At  what  temperature  does  sulphur  inflame  in  the  open  air  ? 

What  use  is  made  of  sulphur  ? 

How  many  compounds  of  sulphur  and  oxygen  are  there  ? 

P.  183.  Who  first  obtained  sulphurous  acidin  a  separate  state  ? 

How  may  it  be  prepared  ? 

How  may  it  be  distmsuished  from  all  other  gases  ? 

How  are  burning  bomes  afiected  when  plunged  into  it  ? 

Can  it  be  taken  mto  the  lungs? 

What  is  said  of  its  absorption  by  water  ? 

What  is  said  of  its  bleaching  properties  ? 

P.  184.  Can  the  solution  ofsulphurous  acid  in  water  be  preserved  ? 

What  pressure  is  required  to  convert  the  gas  into  a  liquid  ? 

What  IS  said  of  the  cold  produced  by  its  evaporation  ? 

Has  oil  of  vitriol  been  long  known  ? 

What  is  the  method  of  preparing  it  at  Nordhausen  in  Germany  ? 

What  is  the  composition  of  green  vitriol  ? 

P.  185.  What  is  the  appearance  of  the  acid  as  prepared  by  this  means  ? 

What  is  its  specific  gravity  ? 

How  may  pure  anhydrous  sulphuric  acid  be  obtained  from  it  ? 

What  is  the  process  of  manuracturing  sulphuric  acid  in  this  country  and 
in  England  ? 

What  is  the  density  of  sulphuric  acid  prepared  in  this  manner  ? 
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r.  !69.  Whal  is  iho  moBt  convenienl  method  af  oblaining  gsseoia  tm 

Whni  Ball  is  Bomeiime*  Ibund  in  tain-wnter  aSwT  a  thunder  alonn 

How  may  an  abnndnnl  supply  of  the  gns  be  oblained  I 

Whu  w  BBid  of  ihe  otlor  ol  ammoma  T 

May  iL  be  inflamed  t 

Whet  presauie  ib  required  to  condeiiae  it  Into  a  liquid  ) 

Why  u  il  called  vnlnlile  alkali  1 

Have  we  synlheiic  proof  of  the  compofiiuoa  of  ammonia  I 

How  haa  it  bwn  analyied  t 

P.  ITO.  What  ia  ita  Boecilii;  gravity  1 

What  11  stud  of  ile  affinily  fur  water  ? 

What  ie  the  common  liquid  aummia  t 

How  many  limea  ila  own  volume  will  water  absorb  T 

At  what  leniperaluro  does  it  Ireeie  J 

How  may  a  Teasel  be  readily  tilled  with  the  gas  ? 

What  is  said  of  the  general  diambulien  of  earbon  f 

In  what  ie  carbon  found  in  a  state  of  purily  I 

How  ia  common  diarmai  prepared  ) 

Whatiaeoier 

What  ia  I'lnry  btaek  t     Lampblack  I 

What  ia  Baid  of  I  he  hardness  of  the  dJamotidT 

What  is  lie  apeoilic  ^viiy  T 

Who  first  supposed  it  to  be  combuBtible  1 

How  WOB  the  fact  afterwards  proved  ! 

How  ia  (he  diamond  known  to  be  cryataliaed  carbon  ? 


F.  172,  Why  does  recently  burned  charcoal  become  heavier  by  alandtnC 
in  the  ail  t 

What  IB  said  of  its  power  of  absorbing  the  Ddorifcrous  particles  of  bodie«I, 

Is  charcoal  combustible  I 

Why  does  il  not  lake  fire  spontaneously  in  ihe  open  air  I 

What  is  the  product  of  its  combuation  f 

What  iigrapkitf  or  plambagol 

What  uae  is  made  ol  caibon  1 

P.  173.  How  many  compounds  of  carbon  and  oxygen  are  known  I 

How  may  protoxide  of  carbon  be  prepared  I 

What  are  some  of  the  properiies  of  carbonic  oiidef 

Will  il  support  respiration  or  combustion  r 

What  was  carbonic  acid  gas  formerly  called  ! 

From  what  was  it  obtained  by  Dr.  Black! 

How  ia  it  most  conveniently  prepared  I 

P.  174.  What  is  its  specific  gravity  I 

Does  il  support  combusiiuii  or  reBpiration  i 

How  is  a  bghted  candle  affected  when  plunged  into  an  atmosphere  < 
laining  a  largo  quantity  of  this  gas  f 

How  does  i<  operate  on  the  system  when  breathed  ! 

How  is  lime-waler  afTected  by  it ! 

P.  1T5.  What  ia  said  of  its  absorption  by  water  I 

How  is  the  uuantity  absorbed  aHected  by  increasing  the  pressnrcf 

How  are  aoda  fountains  conGtructed  ! 

^aaiona  the  eflitrvescBnce  which  is  observed  on  opening  tMtlU 


of  beer,  ddcr,  champaigne,  &c.  J 

How  may  water  be  deprived  of  its  carbonic  add  ? 
Ja  il  always  found  io  the  straosphere  I 
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What  is  it  sometimes  called  when  collected  in  quantities  in  coal  mines  f 

P.  176.  What  is  said  of  the  number  of  compounds  of  carbon  and  hydro- 
gen which  are  known? 

What  two  only  will  be  described  f 

In  what  sitoations  is  light  carburetted  hydrogen  fiHmd  f 

What  are  some  of  its  properties  f 

P.  177.  Is  it  inflammable  f 

What  is  its  specific  gravkv  f 

What  is  it  called  when  collected  in  larfe  quantities  in  coal  mines  f 

What  is  the  danger  occasioned  by  suim  collections  of  the  gas  ? 

What  is  the  design  of  the  safely  lamp  t 

Can  flame  pass  mrough  wire  gauze  ? 

P.  178.  How  is  the  suety  lamp  constructed? 

Can  the  workmen  continue  to  use  this  lamp  in  an  ezplosiTe  mixture  of 
the  gas? 

P.  179.  Who  discoYered  olefiant  gas  ? 

Why  did  it  receiye  this  name  ? 

How  may  it  be  conyeniently  prepared  ? 

What  is  Its  specific  gravity  ? 

What  is  said  of  the  action  of  chlorine  upon  it  ? 

How  is  it  affected  by  having  a  succession  of  electric  sparks  passed 
through  it  ? 

P.  180.  What  is  the  composition  of  cjranogen  ? 

How  is  cyanogen  prepared  ? 

What  is  said  of  its  color  and  odor  ? 

Does  it  support  combustion  ? 

What  is  said  of  its  tendency  to  unite  with  elementary  substances? 

P.  181.  In  what  situations  is  sulphur  usually  found? 

What  is  its  appearance  ? 

What  are  some  of  its  other  properties  ? 

How  is  it  affected  by  heat  ? 

How  may  it  be  crystalized  ? 

At  what  temperature  is  it  volatilized  ? 

P.  182.  What  are  flowers  ofsulfhurt 

Is  sulphur  soluble  in  water  7 

How  may  it  be  dissolved  in  alcohol  ? 

At  what  temperature  does  sulphur  inflame  in  the  open  air  ? 

What  use  is  made  of  sulphur  ? 

How  many  compounds  of  sulphur  and  oxygen  are  there  ? 

P.  183.  Who  first  obtained  sulphurous  acidin  a  separate  state  ? 

How  may  it  be  prepared  ? 

How  may  it  be  distinguished  from  all  other  gases  ? 

How  are  burning  homes  affected  when  plunged  into  it  ? 

Can  it  be  taken  into  the  lungs  ? 
'    What  is  said  of  its  absorption  by  water  ? 

What  is  said  of  its  bleaching  properties  ? 

P.  184.  Can  the  solution  of  sulphurous  acid  in  water  be  preserved  ? 

What  pressure  is  required  to  convert  the  gas  into  a  liquid  ? 

What  IS  said  of  the  cold  produced  by  its  evaporation  ? 

Has  oil  of  vitriol  been  long  known  ? 

What  is  the  method  of  preparing  it  at  Nordhausen  in  Germany  ? 

What  is  the  composition  of  green  vitriol  ? 

P.  185.  What  is  the  appearance  of  the  acid  as  prepared  by  this  means  ? 

What  is  its  specific  gravity  ? 

How  may  pure  anhydrous  sulphuric  acid  be  obtained  from  it  ? 

What  is  the  process  of  manuracturing  sulphuric  acid  in  this  country  and 
in  England  ? 

W&t  is  the  density  of  sulphuric  acid  prepared  in  this  maimer  ? 
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P.  169.  What  is  the  moel  Mnvenienl  melhail  of  ablEuning  g 

What  sail  ia  »inflliines  found  in  rwn-wKter  aficr  a  thunder  sli: 

How  ia  ila  existence  here  accounted  Ibr  ) 

How  may  an  nbundant  supply  o(  the  gas  1h  obtained  t 

What  ia  raid  of  the  odor  ol  ammoniai 

May  it  be  inflamed  T 

What  nroasute  is  required  to  condeUBa  it  into  a  liqaid  t 

Why  ia  it  called  volatile  alkali  I 

Have  we  synthetic  proof  of  the  composition  of  ammouis  t 

How  hoe  it  been  analyzed  i 

P.  170.  What  ia  ita  specific  grariiy  ? 

What  is  said  of  ila  affinity  for  water  ? 

What  ia  the  common  Hquid  ammaiiia  t 

How  many  limea  its  own  volume  will  water  absorb  I 

At  what  leniperaiure  doea  it  fieeie  1 

How  tnay  a  Teasel  be  readily  filled  with  the  gaa  I 

Wiiat  is  said  of  Ibe  genera!  dialributjon  of  carbon  t 

In  what  is  carbon  found  in  a  stale  of  purity  1 

How  is  common  diarcoal  prepared  I 

What  is  eakc  t 

What  is  iimry  black  t     Lampblack  1 

What  is  said  of  ibe  bardness  of  the  diamond  t 

What  is  its  epecifio  gravity  I 

Who  first  aupposed  it  to  be  combustiblB  I 

How  was  ibe  fact  afterwards  proved  1 

How  is  the  diamond  known  to  be  cryslalized  carbon  I 

What  ore  some  of  the  properiiea  of  charcoal  I 

What  is  said  of  its  power  of  absorbing  the  gFiaes  ) 

Cnn  it  he  ofTected  by  heat  if  oiygon  is  not  admitted  into  contact 

P.  1T2.  Why  doBB  recently  burned  charcoal  become  heavier  by 
in  the  tit  I 

What  ia  snid  of  its  power  of  absorbing  the  odoriferous  particles  of  bodinti 

Is  cborcool  combustible  ! 

Why  does  ii  not  take  fire  spontaneously  in  Ibe  open  air  I 

What  is  the  product  of  its  combustion  f 

What  is  graphite  or  plnmbagot 

What  uae.  ia  mode  of  cM-bon  1 

F,  1T3,  How  many  compounds  of  carbon  and  oxygen  are  known  I 

How  may  prolDxide  of  carbon  be  prepared  ! 

What  are  some  of  the  properties  of  carbonic  oxide  I 

Will  it  support  respiration  or  combustion  ! 

What  was  carbonic  add  gas  formerly  called  I 

From  wbat  was  it  obtained  by  Dr.  Black  t 

How  is  it  most  conveniently  prepared  f 

P.  171.  What  is  its  specific  gravity  ! 

Does  it  support  combiintion  or  respiration  ? 

How  is  B  lighted  candle  affected  when  plunged  into  an  atmosphere 
laining  a  large  quanliiy  of  this  gas  I 

How  does  it  operate  on  the  system  wben  brealhed  ! 

How  ia  lime-water  affected  by  il  J 

P.  175.  What  is  said  of  ita  abaorpiion  by  woler  ( 

How  is  the  quanlily  absorbed  affecled  by  increasing  liio  pressure? 

IJow  are  soda  fountuins  cuneirui.ted  f 

What  occasions  the  efierveaccnce  which  is  observed  on  opening  botlla 
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What  is  it  sometimes  called  when  collected  in  quantities  in  coal  mines  f 

P.  176.  What  is  said  of  the  number  of  compounds  of  carbon  and  hydro- 
gen which  are  known  ? 

What  two  only  will  be  described  ? 

In  what  situations  is  Ught  carburetted  hydrogen  found  ? 

What  are  some  of  its  properties  ? 

P.  177.  Is  it  inflammable  ? 

What  is  its  specific  gravity  ? 

What  is  it  called  when  collected  in  large  quantities  in  coal  mines  ? 

What  is  the  danger  occasioned  by  such  collections  of  the  gas  ? 

What  is  the  design  of  the  tafety  Icanp  t 

Can  flame  pass  through  wire  gauze  ? 

P.  178.  How  is  the  s^ety  lamp  constructed  f 

Can  the  workmen  continue  to  use  this  lamp  in  an  ezploaiTe  mixture  of 
the  gas? 

P.  179.  Who  discovered  olefiant  gas  ? 

Why  did  it  receive  this  name  ? 

How  may  it  be  conveniently  prepared  ? 

What  is  Its  specific  gravity  ? 

What  is  said  of  the  action  of  chlorine  upon  it  7 

How  is  it  affected  by  having  a  succession  of  electric  sparks  passed 
through  it  ? 

P.  180.  What  is  the  composition  of  cyanogen  ? 

How  is  cyanogen  prepared  ? 

What  is  said  of  its  color  and  odor  ? 

Does  it  support  combustion  ? 

What  is  said  of  its  tendency  to  unite  with  elementary  substances  f 

P.  181.  In  what  situations  is  sulphur  usually  found  ? 

What  is  its  appearance  ? 

What  are  some  of  its  other  properties  7 

How  is  it  affected  by  heat  ? 

How  may  it  be  crystalized  7 

At  what  temperature  is  it  volatilized  7 

P.  182.  What  are  flowers  of  sulphur  t 

Is  sulphur  soluble  in  water '/ 

How  may  it  be  dissolved  in  alcohol  7 

At  what  temperature  does  sulphur  inflame  in  the  open  air  7 

What  use  is  made  of  sulphur  7 

How  many  compounds  of  sulphur  and  oxygen  are  there  7 

P.  183.  Who  first  obtained  sulphurous  acid  in  a  separate  state  7 

How  may  it  be  prepared  ? 

How  may  it  be  disting^uished  from  all  other  gases  7 

How  are  burning  homes  affected  when  plunged  into  it  7 

Can  it  be  taken  mto  the  lungs  ? 
"   What  is  said  of  its  absorption  by  water  ? 

What  is  said  of  its  bleaching  properties  ? 

P.  184.  Can  the  solution  of  sulphurous  acid  in  water  be  preserved  7 

What  pressure  is  required  to  convert  the  gas  into  a  liquid  ? 

What  IS  said  of  the  cold  produced  by  its  evaporation  7 

Has  oil  of  vitriol  been  long  known  7 

What  is  the  method  of  preparing  it  at  Nordhausen  in  Germany  7 

What  is  the  composition  of  green  vitriol  7 

P.  185.  What  is  the  appearance  of  the  acid  as  prepared  by  this  means  ? 

What  is  its  specific  gravity  7 

How  may  pure  anhydrous  sulphuric  acid  be  obtained  from  it  7 

What  is  the  process  of  manufacturing  sulphuric  acid  in  this  country  and 
in  England  7 

Waat  is  the  density  of  sulphuric  acid  prepared  in  this  manner  7 
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P.  169.  WhM  is  tha  n 


lelliod  of  obluning  gaseoiu 


What  sail  is  someiimea  IbuDd  in  lain-WBler  afiei  a  Ihuoder  storm  I 

How  u  its  GiiBienco  bere  nccounled  for  I 

How  Riiy  an  abundinl  supply  of  the  gBS  be  obtmned  t 

Whsl  is  said  of  the  odor  ot  ammonia  I 

May  it  be  inflamed  I 

What  presaure  is  required  tn  pondense  il  into  a  Uqnid  t 

Wby  il  il  called  volaiile  alliali  t 

Have  we  aynlheiic  proof  of  the  compoaiiion  of  ammonia  I 

How  baa  it  been  analyzed  I 

P.  170.  What  ia  lla  suecitiu  giafily  t 

What  is  said  of  its  affinil  v  for  waler  ? 

How  many  limes  its  own  volume  will  water  absorb  I 
Al  whal  tempersttin:  does  il  freeie  T 
How  may  a  vessel  be  readily  filled  wilh  the  gas  T 
Whal  is  said  of  the  general  dialribution  of  oarbon  I 

How  is  comtnon  lAarcoal  prepared  I 

Whal  is  coke  t 

Whal  ia  itory  Hack  t    Lampblack  1 

Whal  IB  said  of  ihe  hardness  of  the  diamond  I 

Whal  is  ilfl  specific  gravity  ? 

Who  first  supposed  il  lo  bo  eombuslible  ( 

How  wma  the  feci  afiarwards  proved  I 

How  is  ihe  diamond  known  to  be  cryataUzed  carbon? 

Whsl  are  some  of  the  propcrliea  of  charcoal  T 

Whal  ie  said  of  its  power  of  absorbing  ihe  gases  t 

Can  it  be  aflecied  by  heat  if  oiygen  is  not  aumiiled  into  conlacl  wt' 

P,  172.  Why  does  recently  burned  charcDsl  become  heavier  by 


particles  of  bodies  I 


-nlhaairl 

What  ia  said  of  its  power  of  absorbing  the  odorife 

Ib  charcoal  combustible  ? 

Why  does  it  noL  take  fire  sponlaneoualy  in  the  open  air  I 

What  is  the  product  of  its  combualion  I 

W  bat  JB  graphite  or  plumbago  t 

What  use  is  made  of  carbon  > 

P.  173.  How  many  coropounda  of  carbon  and  oiygen  ara  known  t 

How  may  protoiide  of  carbon  ba  prepared  I 

What  are  some  of  the  properties  of  carbonic  oxide  I 

Will  il  Bupporl  respiralion  or  combustion  t 

Whal  was  carbonic  acid  gas  form 

From  what  waa  it  obtained  by  Di 

How  is  it  most  conveniently  prepared ) 

P.  174.  Whal  ia  its  specific  gravity  f 

Doea  it  Bupporl  combnation  or  reapiralion  f 

How  ia  a  lighted  candle  afieclcd  when  plunged 
tuning  a  large  quantity  of  this  gas  T 

How  doea  it  operate  on  ihe  nyaiem  when  breathed 


Whal  occaeions  the  effcrvescenoo  which  is  obaerved 
of  beer,  cider,  champaigne,  &c.  ! 
How  may  waler  be  deprived  of  its  carbonic  acid ! 
'  il  always  found  in  tto  atmoBphere  I 
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What  is  it  sometimes  called  when  collected  in  quantities  in  coal  mines  f 

P.  176.  What  is  said  of  the  number  of  compounds  of  carbon  and  hydro- 
g^n  which  are  known  ? 

What  two  only  will  be  described  f 

In  what  situations  is  hght  carburetted  hydrogen  found  ? 

What  are  some  of  its  properties  ? 

P.  177.  Is  it  inflammable  ? 

What  is  its  specific  gravity  ? 

What  is  it  called  when  collected  in  large  quantities  in  coal  mines  ? 

What  is  the  danger  occasioned  by  such  collections  of  the  gaa  f 

What  is  the  design  of  the  gafety  lamp  t 

Can  flame  pass  through  wire  gauze  ? 

P.  178.  How  is  the  suety  lamp  constructed  f 

Can  the  workmen  continue  to  use  this  lamp  in  an  ezploaive  mixture  of 
the  gas? 

P.  179.  Who  discovered  olefiant  gas  f 

Why  did  it  receive  this  name  ? 

How  may  it  be  conveniently  prepared  ? 

What  is  Its  specific  gravity  ? 

What  is  said  of  the  action  of  chlorine  upon  it  ? 

How  is  it  afiected  by  having  a  succession  of  electric  sparks  passed 
through  it  ? 

P.  180.  What  is  the  composition  of  cyanogen  7 

How  is  cyanogen  prepared  ? 

What  is  said  of  its  color  and  odor  7 

Does  it  support  combustion  ? 

What  is  said  of  its  tendency  to  unite  with  elementary  substances  f 

P.  181.  In  what  situations  is  sulphur  usually  found? 

What  is  its  appearance  ? 

What  are  some  of  its  other  properties  ? 

How  is  it  affected  by  heat  ? 

How  may  it  be  crystalized  f 

At  what  temperature  is  it  volatilized  ? 

P.  182.  What  are  flowers  of  sulphur  t 

Is  sulphur  soluble  in  water  7 

How  may  it  be  dissolved  in  alcohol  ? 

At  what  temperature  does  sulphur  inflame  in  the  open  air  ? 

What  use  is  made  of  sulphur  ? 

How  many  compounds  of  sulphur  and  oxygen  are  there  ? 

P.  183.  Who  first  obtained  sulphurous  acid  in  a  separate  state  7 

How  may  it  be  prepared  ? 

How  may  it  be  distm^uished  from  all  other  gases  ? 

How  are  burning  bomes  afiected  when  plunged  into  it  ? 

Can  it  be  taken  mto  the  lungs  ? 
"   What  is  said  of  its  absorption  by  water  ? 

What  is  said  of  its  bleaching  properties  ? 

P.  184.  Can  the  solution  of  sulphurous  acid  in  water  be  preserved  7 

What  pressure  la  required  to  convert  the  gas  into  a  liquid  ? 

What  IS  said  of  the  cold  produced  by  its  evaporation  ? 

Has  oil  of  vitriol  been  long  known  ? 

What  is  the  method  of  preparing  it  at  Nordhausen  in  Germany  7 

What  is  the  composition  of  green  vitriol  ? 

P.  185.  What  is  the  appearance  of  the  acid  as  prepared  by  this  means  ? 

What  is  its  specific  gravity  ? 

How  may  pure  anhydrous  sulphuric  acid  be  obtained  from  it  7 

What  is  the  process  of  manufacturing  sulphuric  acid  in  this  country  and 
in  England  7 

What  is  the  density  of  sulphuric  acid  prepared  in  this  manner  7 
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p.  169.  What  is  the  most  convenient  method  of  obtaining  gaseous  am- 
monia f 

What  salt  is  sometimes  found  in  rain-water  after  a  thunder  storm  f 

How  is  its  existence  here  accounted  for  ? 

How  may  an  abundant  supply  of  the  gas  be  obtained  ? 

What  is  said  of  the  odor  of  ammonia  ? 

May  it  be  inflamed  ? 

What  pressure  is  required  to  condense  it  into  a  liquid  ? 

Why  is  it  called  volatile  alkali  f 

Have  we  synthetic  proof  of  the  composition  of  ammonia  f 

How  has  it  been  analyzed  ? 

P.  170.  What  is  its  specific  gravity  ? 

What  is  said  of  its  affinity  for  water  f 

What  is  the  common  liquid  amnumia  t 

How  many  times  its  own  volume  will  water  absorb  f 

At  what  temperature  does  it  freeze  ? 

How  may  a  vessel  be  readily  filled  with  the  gas  7 

What  is  said  of  the  general  distribution  of  ciu^n  f 

In  what  is  carbon  found  in  a  state  of  purity  7 

How  is  common  dutrcoal  prepared  7 

What  is  coke  t 

What  is  ivory  black  t    Lampblack  7 

What  is  said  of  the  hardness  of  the  diamond  7 

What  is  its  specific  ^vity  7 

Who  first  supposed  it  to  be  combustible  7 

How  was  the  fact  afterwards  proved  7 

How  is  the  diamond  known  to  be  crystalized  carbon? 

What  are  some  of  the  properties  of  charcoal  7 

What  is  said  of  its  power  of  absorbing  the  gases  7 

Can  it  be  affected  by  heat  if  oxygen  is  not  Emitted  into  contact  with  it  7 

P.  172.  Why  does  recently  burned  charcoal  become  heavier  by  standing 
in  the  air  7 

What  is  paid  of  its  power  of  absorbing  the  odoriferous  particles  of  bodies? 

Is  chorcoal  combustible  7 

Why  does  it  not  take  fire  spontaneously  in  the  open  air  7 

What  is  the  product  of  its  combustion  7 

What  is  graphite  or  plumbago  t 

What  use  is  made  ot  carbon  7 

P.  173.  How  manv  compounds  of  carbon  and  oxygen  are  known  7 

How  may  protoxide  of  carbon  be  prepared  ? 

What  are  some  of  the  properties  of  carbonic  oxide  7 

Will  it  support  respiration  or  combustion  7 

What  was  carbonic  acid  gas  formerlv  called  7 

From  what  was  it  obtained  by  Dr.  !Black  7 

How  is  it  most  conveniently  prepared  7 

P.  174.  What  is  its  specific  gravity  7 

Does  it  support  combustion  or  respiration  7 

How  is  a  bghted  candle  affected  when  plunged  into  an  atmosphere  con- 
taining a  large  quantity  of  this  gas  7 

How  does  it  operate  on  the  system  when  breathed  7 

How  is  lime-water  affected  by  it  7 

P.  175.  What  is  said  of  its  absorption  by  water? 

How  is  the  quantity  absorbed  affected  by  increasing  the  pressure  7 

How  are  soda  fountains  constructed  ? 

What  occasions  the  effervescence  which  is  observed  on  opening  bottles 
of  beer,  cider,  champaigne,  &c.  ? 

How  may  water  be  deprived  of  its  carbonic  acid  7 

Ta  it  nlurayg  found  in  the  atmosphere  7 
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What  is  it  sometimes  called  when  collected  in  quantities  in  coal  mines  f 

P.  176.  What  IB  said  of  the  number  of  compounds  of  carbon  and  hydro- 
gen which  are  known  ? 

What  two  only  will  be  described  ? 

In  what  situations  is  light  carburetted  hydrogen  found  ? 

What  are  some  of  its  properties  ? 

P.  177.  Is  it  inflammable  ? 

What  is  its  specific  gravity  ? 

What  is  it  called  when  collected  in  large  quantities  in  coal  mines  ? 

What  is  the  danger  occasioned  by  such  collections  of  the  gas  f 

What  is  the  design  of  the  tafety  lamp  t 

Can  flame  pass  through  wire  gauze  ? 

P.  178.  How  is  the  suety  lamp  constructed  ? 

Can  the  workmen  continue  to  use  this  lamp  in  an  ezploaive  mixture  of 
the  gas? 

P.  179.  Who  discovered  olefiant  gas  ? 

Why  did  it  receive  this  name  ? 

How  may  it  be  conveniently  prepared  ? 

What  is  Its  specific  gravity  ? 

What  is  said  of  the  action  of  chlorine  upon  it  ? 

How  is  it  afiected  by  having  a  succession  of  electric  sparks  passed 
through  it  ? 

P.  180.  What  is  the  composition  of  cyanogen  7 

How  is  cyanogen  prepared  ? 

What  is  said  of  its  color  and  odor  7 

Does  it  support  combustion  7 

What  is  said  of  its  tendency  to  unite  with  elementary  substances  f 

P.  181.  In  what  situations  is  sulphur  usually  found  7 

What  is  its  appearance  ? 

What  are  some  of  its  other  properties  7 

How  is  it  affected  by  heat  ? 

How  may  it  be  crystalized  7 

At  what  temperature  is  it  volatilized  7 

P.  182.  What  aiefowers  of  sulphur? 

Is  sulphur  soluble  in  water '/ 

How  may  it  be  dissolved  in  alcohol  7 

At  what  temperature  does  sulphur  inflame  in  the  open  air  7 

What  use  is  made  of  sulphur  ? 

How  many  compounds  of  sulphur  and  oxygen  are  there  7 

P.  183.  Who  first  obtained  sulphurous  acidin  a  separate  state  7 

How  may  it  be  prepared  7 

How  may  it  be  distinguished  from  all  other  gases  7 

How  are  burning  bocUes  afiected  when  plunged  into  it  7 

Can  it  be  taken  mto  the  lungs? 
'    What  is  said  of  its  absorption  by  water  ? 

What  is  said  of  its  bleaching  properties  7 

P.  184.  Can  the  solution  ofsulphurous  acid  in  water  be  preserved? 

What  pressure  is  required  to  convert  the  gas  into  a  liquid  7 

What  IS  said  of  the  cold  produced  by  its  evaporation  ? 

Has  oil  of  vitriol  been  long  known  7 

What  is  the  method  of  preparing  it  at  Nordhausen  in  Germany  7 

What  is  the  composition  of  green  vitriol  7 

P.  185.  What  is  the  appearance  of  the  acid  as  prepared  by  this  means  ? 

What  is  its  specific  gravity  7 

How  may  pure  anhydrous  sulphuric  acid  be  obtained  from  it  7 

What  is  the  process  of  manuiacturing  sulphuric  acid  in  this  country  and 
in  England  ? 

What  is  the  density  of  sulphuric  acid  prepared  in  this  manner  t 
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What  ia  said  of  its  stren^  as  an  acid  f 

P.  166.  What  is  said  of  its  affinity  for  water? 

How  is  their  temperature  affected  by  their  being  mixed  f 

At  what  temperature  does  it  freeze  I 

What  substance  is  used  as  a  test  for  this  add  f 

P.  187.  What  use  is  made  of  it  ? 

In  how  many  proportions  do  sulphur  and  hydrogen  combine  t 

What  is  the  common  method  of  preparing  nydro-salpharic  acid  f 

What  are  the  chemical  changes  tnat  occur  during  its  farmatioii  7 

How  may  sulphuret  of  iron  be  prepared  for  this  purpoee  f 

What  are  some  of  its  properties? 

P.  188.  What  amount  of  pressure  is  required  to  compreae  it  into  a  liquid  ? 

What  is  its  effect  upon  animals,  when  breathed! 

Does  it  support  combustion  t 

What  is  said  of  its  absorption  by  water? 

What  constitutes  the  water  of  sulphur  springs  f 

Can  water  impregnated  with  this  gas  be  kept  in  the  open  atrf 

What  is  the  enect  of  chlorine  upon  the  gas? 

What  tests  of  this  substance  are  mentioned? 

P.  189.  What  is  the  composition  of  the  bisulphuret  of  carbon! 

How  may  it  be  formed  ? 

What  is  said  of  its  refractive  power  ! 

What  is  said  of  the  cold  produced  by  its  evaporation! 

What  has  it  been  called? 

P.  190.  From  what  circumstance  has  phosphoruB  received  its  name! 

From  what  is  it  prepared ! 

What  is  the  process  of  preparing  it! 

P.  191.  Is  it  obtained  perfectly  pure  by  this  process! 

What  are  the  chemical  changes  that  take  place  during  its  preparation? 

What  is  the  appearance  of  phosphorus ! 

At  what  temperature  does  it  fuse ! 

May  it  be  crystalized  ? 

What  is  said  of  its  inflammability ! 

Can  it  be  kept  in  the  open  air? 

How  is  it  preserved  ? 

How  may  the  oxygen  be  separated  from  a  portion  of  atmospheric  air  by 
means  of  it? 

P.  192.  Does  it  bum  with  brilliancy  ? 

What  use  is  made  of  phosphorus  in  the  arts  ? 

How  many  compoundB  of  oxygen  and  phosphorus  are  there? 

How  is  phosphoric  acid  formed  ? 

P.  193.  From  what  is  phosphoric  acid  best  prepared ! 

What  is  it  called  when  solidf  ? 

What  is  said  of  its  affinity  for  water  ? 

What  three  phosphates  of  tcater  are  known  ? 

What  salts  are  formed  by  the  monobasic  phosphate  of  water! 

What  is  the  bibasic  phosphate  of  water  ? 

How  may  it  be  prepared? 

P.  194.  What  kind  of  compounds  does  it  tend  to  form  with  fixed  bases? 

What  is  tribasic  phosphate  of  water? 

How  is  it  characterized  ? 

What  three  kinds  of  compounds  may  it  form  with  water  and  fixed  bases ! 

What  is  phosphuretted  hydrogen  ? 

What  two  modes  of  preparing  it  are  mentioned  ? 

What  different  characteristics  does  it  exhibiti  as  prepared  by  these  two 
methods? 

P.  195.  What  is  now  supposed  to  occasion  this  difference  in  its  action! 

What  is  sulphuret  of  phosphorus  ? 
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P.  196.  How  was  boron  first  obtained  by  Davy  ? 
How  may  it  be  procured  for  ordinary  experiments  ? 
What  is  its  appearance  ? 
Is  it  soluble  in  water  or  alcohol  ? 
How  is  it  affected  by  intense  heat  in  close  vessels  ? 
At  what  temperature  is  it  inflamed  in  the  open  air  ? 
What  is  the  only  compound  of  boron  and  oxygen  f 
Where  is  boracic  acid  found  as  a  natural  product  7 
What  is  borax  ? 

How  may  boracic  acid  be  separated  from  it  ? 
P.  197.  Has  this  acid  any  taste  ? 
What  was  silicon  formerly  called  ? 
How  may  silicon  be  procured  ? 
P.  198.  What  is  its  appearance  ? 
How  does  a  high  temperature  in  close  vessels  affect  it  f 
How  does  its  specific  gravity  compare  with  that  of  sulphuric  acid  ? 
What  is  silicic  acid  ? 
Of  what  is  it  the  chief  ingredient  ? 
What  is  the  appearance  oi  pure  silicic  acid  f 
How  may  it  be  made  to  unite  with  water  ? 
P.  199.  Has  it  any  action  on  test  paper  ? 
How  may  soluble  glass,  or  liquor  silicum,  be  prepared  ? 
What  is  glass  ? 

What  substances  are  used  in  its  manufacture  ? 
P.  200.  In  what  was  selenium  first  detected? 
With  what  is  it  found  combined  ? 
What  Lb  its  appearance  ? 
Is  it  soluble  in  water  ? 
P.  201.  By  whom  was  chlorine  discovered  ? 
What  was  it  called  ? 
How  is  it  obtained  ? 

What  are  the  chemical  changes  produced  ? 
How  may  it  be  collected  ? 

P.  202.  What  is  the  cheapest  method  of  preparing  it  f 
From  what  does  it  receive  its  name  ? 
What  is  its  density  ? 
Is  it  absorbed  by  water  ? 
Can  it  be  decomposed  7 
Does  it  unite  with  other  substances  ? 
Does  it  support  combustion  ? 
P.  203.  What  is  said  of  its  affinity  for  hydrogen  f 
Does  li^ht  affect  its  action  with  other  bodies  f 

To  which  pole  of  the  battery  does  it  go,  when  separated  from  its  com- 
pounds by  galvanism  ? 
What  is  said  of  its  bleaching  power? 
P.  204.  Is  water  always  necessary  to  its  action  ? 
What  b  said  of  its  disinfecting  power  ? 
How  may  it  be  recognised  ? 

In  how  many  proportions  does  it  combine  with  oxygen  ? 
P.  205.  How  is  hypochlorous  acid  prepared  t 
What  VDos  Davy^s  ejuMorine  t 
How  is  chlorous  acid  formed  f 
P.  206.  How  is  chlonc  acid  formed  ? 
What  were  the  chlorates  formerly  called  ? 
What  is  hydrochloric  acid  composed  of? 
P.  207.  What  was  it  once  called  ? 
How  may  it  be  conveniently  prepared  ? 
How  is  it  obtained  from  sea-salt  ? 
40 
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What  ii  the  eipluiation  or  ihe  changee  ibal  tike  place  I 
TAty  ii  he  Ibrnicd  by  Ihe  direct  onion  of  i(B  elrinenls  I 
Wbul  ia  ihe  eOecl  of  ^lie  Bun'«  rnys  upon  a  miiliire  of  the  gsBes  f 
la  any  ehange  in  the  Toiutno  of  Ihe  giBee  produced  by  iheif  union 
P.  208.  Wbal  ate  some  of  ibe  properliea  of  ihe  gaa  t 
May  il  be  iijnipresscd  into  a  liquid  I 

WHkI  a  Slid  to  be  one  of  iho  most  eltiking  pToportics  of  the  gnseai 
Wbal  occauona  ibe  denee  while  cloud  ihal  appeata  when  it  eaca 
Iheaiil 
Wbai  ia  ihe  liquid  hydrochloric  scid  of  comtnerco  I 
How  many  limfa  ila  own  volume  of  tbe  gna  will  water  abgoib  ( 
What  IB  the  ordinary  melhod  of  preparing  hydiochloric  acid  I 
Whel  ia  ila  apacific  graviiy  ( 

Whnl  are  aomo  of  the  propcrliea  of  Iho  common  liquid  acid  ? 
P.  209.  Wbal  ire  ila  freezing  and  boiling  poiniB  7 
Whsl  i>  aqua  rtgia  1 
How  may  hydrochloric  acid  bo  known  I 
What  ia  thr  cimpoiilwn  of  ^uaUre-ehloride  of  jiilroge-B  } 
V,  310^  For  tDhat  proptrtj/  la  tkia  compound  rsmarkuble  t 
Wial  tofU-ktunun  Muialanct  doa  ptrchloridt  of  carboa  memblel 
P.  311.  n^I  il  ilir.  ampolilion  of  dirhiaride  of  tulphur  t 
P.aiS,   When,  and  b^  wl- .-j^-  j: -. . 


What 

How  may  it  be  delected  in  ihe  sponge  t 

How  may  ihc  tbrmaiion  of  iodine  be  illusirale 
Whal  IB  the  appearancB  of  iodine  I 

What  is  iiB  specific  graviiv  7 
Whal  effects  are  produced  upon  it  by  heat  I 
What  BUgeealed  Ihe  nama  iodine  1 
la  it  a  conductor  of  eleclricity  I 
la  it  soluble  in  water  or  alcohol  f 
Has  it  an  piteuBivs  range  of  allinily  I 
P.  214.  Ia  it  ■  aimple  aubaiance  ) 
What  is  il»  most  dBliealelcai! 
Of  what  is  iodic  acid  campourd  f 

P.  315.  May  hydriodic  ucid  he  formad  b^  the  direct  union  of  iis  t 
What  are  some  of  ila  propcrliea  when  in  a  gaseous  alale  ! 
J/otD  nay  teriodide  of  uitrugm  be  formed  T 
WTat  ilriking  jnvperly  charaeleri 


'  and  phatpAorus  combiTii 


Whal 


I  the  I 


Where  is  il  found  7 

""■         IB  iho  UBU 

'.  Whal  il 


in  of  il. 


vered7 


Fodily  I 


:mal  life  7 


What 

Whal  are  ila  effecls  upon  ai 

P.  SIS.  Has  fluorine  tieen  ooinmea  in  b  scpniaie  bibi 

What  occaaions  the  dillicully  of  collecling  it7 

What  are  vessels  used  lo  contain  it  now  made  oft 

Whal  ia  Ihe  composilion  of  hydro-fluoric  acid  7 

How  is  it  prepared  ! 

""""'         ■'       '       "  q1  changes  Ihal  lake  placa  t 
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At  what  temperature  does  it  boil  ? 

What  is  said  of  its  affinity  for  water  ? 

What  is  said  of  its  action  upon  glass  ? 

How  is  fluosilicic  acid  formed  ? 

What  are  some  other  of  its  properties  ? 

P.  220.  What  18' fluoboric  acid? 

P.  221.  What  is  the  composition  of  fluosilicic  acid  ? 

What  are  some  of  the  properties  by  which  the  metals  are  distinguished  t 

What  is  said  of  their  lustre  ? 

P.  222.  What  is  the  number  of  the  metals  f 

How  many  were  known  to  the  ancients  ? 

P.  223.  What  is  said  of  their  specific  gravity  ? 

How  is  their  density  affected  by  hammering  ? 

What  is  said  of  their  malleability  ? 

What  one  is  most  malleable  ? 

Are  they  all  ductile  ? 

P.  224.  Do  their  malleability  and  ductility  vary  with  the  temperature? 

How  is  their  tenacity  determined  ? 

What  are  some  of  the  hardest  metals  ? 

What  is  meant  by  annealing  a  metal  ? 

Are  any  of  them  crystaline  in  their  texture  f 

What  is  the  point  of  fusion  of  mercury  ? 

P.  225.  What  is  the  point  of  fusion  of  gold? 

When  are  the  metals  said  to  be  found  native  ? 

What  are  alloys  t 

How  is  the  fusibility  and  hardness  of  alloys,  as  compared  with  the  ingre- 
dients of  which  they  are  formed  ? 

How  are  they  deflagrated  ? 

Do  they  differ  in  the  strength  of  their  aflinity  for  oxygen  ? 

How  are  potassium  and  sodium  affected  by  mere  exposure  to  the  air  ? 

P.  226.  Do  any  of  the  metals  unite  with  oxygen  in  more  than  one  pro- 
portion ? 

What  is  meant  by  the  reduction  of  a  metallic  oxide? 

What  are  some  of  the  means  by  which  these  oxides  are  reduced  ? 

P.  227.  Do  any  of  the  metals  form  acids  by  uniting  with  oxygen? 

What  is  said  of  the  affinity  of  chlorine  for  the  metals  ? 

What  are  some  of  the  properties  of  the  metallic  chlorides  ? 

P.  228.  What  two  views  may  be  taken  of  the  changes  that  occur  when  a 
metallic  chloride  is  dissolved  in  water  ? 

Has  iodine  an  affinity  for  the  metals  ? 

P.  229.  What  are  some  of  the  means  by  which  sulphurets  of  the  metals 
may  be  formed  ? 

F,  230.  Can  the  sulphur  be  expelled  by  heat? 

P.  231.  What  are  the  characteristics  of  the  two  classes  of  the  metals? 

What  are  the  characteristics  of  the  orders  of  Class  I.  ? 

P.  232.  What  are  the  characteristics  of  the  orders  of  Class  H.  ? 

P.  233.  By  whom  was  potassium  discovered  ? 

How  did  he  obtain  it  ? 

How  is  it  now  prepared  ? 

What  is  its  appearance  at  common  temperatures  ? 

What  is  its  density  at  60°. 

P.  234.  What  is  said  of  its  affinity  for  oxygen  ? 

How  is  it  preserved  ? 

What  is  the  composition  of  potash  or  potassat 

What  is  its  appearance  ? 

What  is  hydrate  of  potassa  ? 

P.  235.  How  is  aquapotassoB  prepared  from  the  carbonate? 

Why  must  the  solution  be  filtered  in  a  close  vessel  ? 


I 
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what  ia  ibe  explannlion  of  the  changes  ihat  rake  place  t 

May  ■<  be  farmed  by  the  direci  union  of  iis  eleinenu  ? 

Whal  is  ihe  efleci  of  ibe  Bun's  rays  upon  a  mixturB  of  Ihe  gases  f 

Ib  any  diiuige  in  ihe  volume  of  Ihe  gasea  produced  by  their 

P.  aOfl.  WhalaretMnneof  iheproperlieaof  Ihegaal 

May  il  •  "  -*  ■ '■  -'"' ' 


Whal  is  tbe  liquid  faydracbloric  acid  of  commerce  ? 

How  many  limes  ils  own  volume  of  llic  gas  will  water  alisorb  ? 

What  is  Ihe  ordinary  method  of  preparing  hydrochloric  acid  1 

Wliat  is  iia  specific  eravily  I 

Whal  are  some  of  lEe  pTopertiea  of  Ihe  common  Uquid  acid  ( 

P.  209.  Whsi  BTB  ill  freezing  and  boiling  points  I 

Whal  ia  aqua  regia  t 

How  mayftydrochloric  add  be  known  I 

IVhaf  it  Ihe  eompoiitiiHt  of  qaadro-diloTide  cf  nitrogai  t 
P.  SIO.  Far  vhal  propcrts  ii  thii  ampound  remarhilile  t 
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How  may  Iho  formation  of  iodine  be  illuslruicd  I 

What  ia  the  appearance  of  iodine  I 

■WhalisilB  Hpeeific  gravity  f 

What  eSecia  are  produced  upon  it  by  heat? 

What  Bugseaied  the  name  iodine ) 

Is  it  a  coiductor  of  eleelricity  ( 
Is  il  wluble  in  water  or  alcohol  t 
Has  it  an  extensive  range  of  aifinily  t 
P.  814.  Is  it  a  simple  Bubslance  I 
What  is  its  most  deliI^Ble  leal  J 
Of  Biftfll  iV  iodic  oeid  ampoifd  1 

P.  915.  May  hydriodic  acid  be  formed  by  the  direct  nnion  of  itselci 
What  are  some  of  ils  properiies  when  in  a  gaseous  state  I 
Haa  may  ieriadlde  of  titrngen  hcftnnedt 
What  airiJtitig  property  chaTocterisa  il  f 
F.  316.  Do  iodine  aad  jAmphona  CDmiine  readily  t 
When  was  bromine  diecovered  f 
What  is  the  derivalion  of  ils  name  I 
Where  is  il  found  I 

What  ia  the  usual  melhod  of  preparing  il  I 

P.  217.  What  IS  iiB  stale  and  appearance  at  ordinary  lemperalurei 
Whal  is  its  elecirical  slate  I 
Whal  are  iis  effcels  upon  animal  life  1 
F.  318.  Has  fluorine  been  oblatned  in  a  separato  slale  ? 
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At  what  temperature  does  it  boil  f 

What  is  said  of  its  affinity  for  water  ? 

What  is  said  of  its  action  upon  glass  f 

How  is  fluosilicic  acid  formed  ? 

What  are  some  other  of  its  properties  f 

P.  220.  What  is'fuobarieacidf 

P.  221.  What  is  the  composition  of  fluosilicic  acid  ? 

What  are  some  of  the  properties  by  which  the  metals  are  distinguished  f 

What  is  said  of  their  lustre  ? 

P.  222.  What  is  the  number  of  the  metals  ? 

How  many  were  known  to  the  ancients? 

P.  223.  What  is  said  of  their  specific  gravity  ? 

How  is  their  density  affected  by  hammering  ? 

What  is  said  of  their  malleabihty  ? 

What  one  is  most  malleable  ? 

Are  they  all  ductile  ? 

P.  224.  Do  their  malleabihty  and  ductility  vary  with  the  temperature f 

How  is  their  tenacity  determined  ? 

What  are  some  of  the  hardest  metals  f 

What  is  meant  by  annealing  a  metal  ? 

Are  any  of  them  crystaline  in  their  texture  f 

What  is  the  point  of  fusion  of  mercury  ? 

P.  225.  What  is  the  point  of  fusion  of  gold? 

When  are  the  metals  said  to  be  found  native  f 

What  are  alloy*  t 

How  is  the  fusibiUty  and  hardness  of  alloys,  as  compared  with  the  ingre- 
dients of  which  they  are  formed  ? 

How  are  they  deflagrated  ? 

Do  they  differ  in  the  strength  of  their  affinity  for  oxygen  f 

How  are  potassium  and  sodium  affected  by  mere  exposure  to  the  air  f 

P.  226.  Do  any  of  the  metals  unite  with  oxygen  in  more  than  one  pro- 
portion ? 

What  is  meant  by  the  reduction  of  a  metalhc  oxide  f 

What  are  some  of  the  means  by  whinh  these  oxides  are  reduced  ? 

P.  227.  Do  any  of  the  metals  form  acids  by  uniting  with  oxygen? 

What  is  said  of  the  affinity  of  chlorine  for  the  metals  ? 

What  are  some  of  the  properties  of  the  metalUc  chlorides  f 

P.  228.  What  two  views  may  be  taken  of  the  changes  that  occur  when  a 
metallic  chloride  is  dissolved  in  water  ? 

Has  iodine  an  affinity  for  the  metals  ? 

P.  229.  What  are  some  of  the  means  by  which  sulphurets  of  the  metals 
may  be  formed  ? 

r.  230.  Can  the  sulphur  be  expelled  bv  heat  I 

P.  231.  What  are  the  characteristics  of  the  two  classes  of  the  metals? 

What  are  the  characteristics  of  the  orders  of  Class  1. 1 

P.  232.  What  are  the  characteristics  of  the  orders  of  Class  II.  t 

P.  233.  By  whom  was  potassium  discovered  ? 

How  did  he  obtain  it  ? 

How  is  it  now  prepared  ? 

What  is  its  appearance  at  common  temperatures  f 

What  is  its  density  at  60°. 

P.  234.  What  is  said  of  its  affinity  for  oxygen  ? 

How  is  it  preserved  ? 

What  is  the  composition  of  potash  or  potassa  t 

What  is  its  appearance  ? 

What  is  hydrate  of  potassa  ? 

P.  235.  How  is  aqita  potasxtB  prepared  from  the  carbonate  t 

Why  must  the  solution  be  filtered  in  a  close  vessel  ? 
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Whal  is  the  appearance  of  iodine  1 
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tVliat  slriltiHg  jmperly  charaelerita  il  t 
P.  216.  Do  iDdiHe  and  ptoiphBTtii  ambini  rradily  f 
When  was  bromine  discovered  1 
What  is  ihe  derivation  of  its  name  I 
Where  is  it  fbuod  t 

Whal  ia  the  usual  method  of  prcpatiiig  ii ! 

P.  217.  Whal  is  its  slate  and  appearance  at  ordinnry  tcmpeiatures  I 
What  IB  iiB  electrical  a i ale  I 
Whal  are  its  effects  upon  animal  life  I 
P.  SIS.  Has  fluorine  been  obtained  in  n  separate  slate  I 
Whal  occaeions  the  difficulty  of  collecting  il  I 
What  are  vessels  used  la  contain  il  now  made  ofr 
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How  is  it  prepared  ! 
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At  what  temperature  does  it  boil  f 

What  is  said  of  its  affinity  for  water  ? 

What  is  said  of  its  action  upon  glass  ? 

How  is  fluosilicic  acid  formed  ? 

What  are  some  other  of  its  properties  I 

P.  220.  What  is'fluoborie  acid  f 

P.  221.  What  is  the  composition  of  fluosilicic  acid  I 

What  are  some  of  the  properties  by  which  the  metals  are  distinguished  f 

What  is  said  of  their  lustre  ? 

P.  222.  What  is  the  number  of  the  metals  ? 

How  many  were  known  to  the  ancients  ? 

P.  223.  What  is  said  of  their  specific  gravity? 

How  is  their  density  affected  by  hammering  t 

What  is  said  of  their  malleability  ? 

What  one  is  most  malleable  ? 

Are  they  all  ductile  ? 

P.  224.  Do  their  malleability  and  ductility  vary  with  the  temperature f 

How  is  their  tenacity  determined  ? 

What  are  some  of  the  hardest  metals  I 

What  is  meant  by  annealing  a  metal  ? 

Are  any  of  them  crystaline  in  their  texture  f 

What  is  the  point  oi  fusion  of  mercury  ? 

P.  225.  What  is  the  point  of  fusion  of  gold? 

When  are  the  metals  said  to  be  found  native  ? 

What  are  alloy*  t 

How  is  the  fusibility  and  hardness  of  alloys,  as  compared  with  the  ingre- 
dients of  which  they  are  formed  ? 

How  are  they  deflagrated  ? 

Do  they  differ  in  the  strength  of  their  affinity  for  oxygen  ? 

How  are  potassium  and  sodium  affected  by  mere  exposure  to  the  air  ? 

P.  226.  Do  any  of  the  metals  unite  with  oxygen  in  more  than  one  pro- 
portion ? 

What  is  meant  by  the  reduction  of  a  metallic  oxide  ? 

What  are  some  of  the  means  by  which  these  oxides  are  reduced  ? 

P.  227.  Do  any  of  the  metals  form  acids  by  uniting  with  oxygen? 

What  is  said  of  the  affinity  of  chlorine  for  the  metals  ? 

What  are  some  of  the  properties  of  the  metallic  chlorides  ? 

P.  228.  What  two  views  may  be  taken  of  the  changes  that  occur  when  a 
metallic  chloride  is  dissolved  in  water  ? 

Has  iodine  an  affinity  for  the  metals  ? 

P.  229.  What  are  some  of  the  means  by  which  sulphurets  of  the  metals 
may  be  formed  ? 

F.  230.  Can  the  sulphur  be  expelled  by  heat  ? 

P.  231.  What  are  the  characteristics  of  the  two  classes  of  the  metals? 

What  are  the  characteristics  of  the  orders  of  Class  I.  ? 

P.  232.  What  are  the  characteristics  of  the  orders  of  Class  11.  ? 

P.  233.  By  whom  was  potassium  discovered  ? 

How  did  he  obtain  it  ? 

How  is  it  now  prepared  ? 

What  is  its  appearance  at  common  temperatures  ? 

What  is  its  density  at  60°. 

P.  234.  What  is  said  of  its  affinity  for  oxygen? 

How  is  it  preserved  ? 

What  is  the  composition  of  potash  or  potassa  f 

What  is  its  appearance  ? 

What  is  hydrate  of  potassa  ? 

P.  235.  How  is  aqua  potasses  prepared  from  the  carbonate  t 

Why  must  the  solution  be  filtered  in  a  close  vessel  ? 
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At  what  temperature  does  it  boil  f 

What  is  said  of  its  affinity  for  water  I 

What  is  said  of  its  action  upon  glass  ? 

How  is  fluosilicic  acid  formed  ? 

What  are  some  other  of  its  properties  ? 

P.  220.  What  is'fluoboric  acid  ? 

P.  221.  What  is  the  composition  of  fluosilicic  acid  ? 

What  are  some  of  the  properties  by  which  the  metals  are  distinguished  f 

What  is  said  of  their  lustre  ? 

P.  222.  What  is  the  number  of  the  metals  ? 

How  many  were  known  to  the  ancients  ? 

P.  223.  What  is  said  of  their  specific  gravity  ? 

How  is  their  density  aflected  by  hammering  ? 

What  is  said  of  their  malleabihty  ? 

What  one  is  most  malleable  ? 

Are  they  all  ductile  ? 

P.  224.  Do  their  malleability  and  ductility  vary  with  the  temperature? 

How  is  their  tenacity  determined  ? 

What  are  some  of  the  hardest  metals  7 

What  is  meant  by  annealing  a  metal  ? 

Are  any  of  them  crystaline  in  their  texture  ? 

What  is  the  point  of  fusion  of  mercury  ? 

P.  225.  What  is  the  point  of  fusion  of  gold? 

When  are  the  metals  said  to  be  found  native  ? 

What  are  alloys  t 

How  is  the  fusibility  and  hardness  of  alloys,  as  compared  with  the  ingre- 
dients of  which  they  are  formed  ? 

How  are  they  deflagrated  ? 

Do  they  differ  in  the  strength  of  their  affinity  for  oxygen  ? 

How  are  potassium  and  sodium  affected  by  mere  exposure  to  the  air  ? 

P.  226.  Do  any  of  the  metals  unite  with  oxygen  in  more  than  one  pro- 
portion ? 

What  is  meant  by  the  reduction  of  a  metalhc  oxide  ? 

What  are  some  of  the  means  by  whirh  these  oxides  are  reduced  ? 

P.  227.  Do  any  of  the  metals  form  acids  by  uniting  with  oxygen? 

What  is  said  of  the  affinity  of  chlorine  for  the  metals  ? 

What  are  some  of  the  properties  of  the  metallic  chlorides  ? 

P.  228.  What  two  views  may  be  taken  of  the  changes  that  occur  when  a 
metallic  chloride  is  dissolved  in  water  ? 

Has  iodine  an  affinity  for  the  metals  ? 

P.  229.  What  are  some  of  the  means  by  which  sulphurets  of  the  metals 
may  be  formed  ? 

r.  230.  Can  the  sulphur  be  expelled  bv  heat  ? 

P.  231.  What  are  the  characteristics  of  the  two  classes  of  the  metals? 

What  are  the  characteristics  of  the  orders  of  Class  I.  ? 

P.  232.  What  are  the  characteristics  of  the  orders  of  Class  H.  ? 

P.  233.  By  whom  was  potassium  discovered  ? 

How  did  he  obtain  it  ? 

How  is  it  now  prepared  ? 

What  is  its  appearance  at  common  temperatures  ? 

What  is  its  density  at  60°. 

P.  234.  What  is  said  of  its  affinity  for  oxygen? 

How  is  it  preserved  ? 

What  is  the  composition  of  potash  or  potassa  f 

What  is  its  appearance  ? 

What  is  hydrate  of  potassa  ? 

P.  235.  How  is  agiM  potassa  prepared  from  the  carbonate  I 

Why  must  the  solution  be  filtered  in  a  close  vessel  ? 
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p.  236.  How  18  the  potassa  of  commerce  obtained  f 
How  may  potassa  in  general  be  distinguished  f 
P.  2?7.  U  hat  it  the  eompotition  of  iodide  of  potassiMm  t 
P.  238.  By  whom  was  sodium  first  obtained  f 
P.  239.  What  is  the  appearance  of  the  metal f 
What  is  its  ppecific  gravity  ? 

What  effect  is  produced  by  throwing  it  upon  water  f 
What  ia  soda  composed  off 

How  mav  it  be  distingiiished  from  other  alkaline  bases  7 
P.  240.  What  is  chloride  of  sodium  f 
What  are  some  of  the  varieties  of  this  substance  f 
From  what  is  it  obtained  ? 
What  is  said  of  its  solubiUty  in  water? 
P.  241.  What  use  is  made  of  this  substance? 

What  was  formerly  supposed  to  be  the  composition  of  this  snbstaaoe  t 
Whence  is  chloride  of  sodium  obtained  ? 
What  natural  deposit  of  it  occurs  in  this  country? 
From  what  is  it  manufactured  in  warm  countries  ? 
P.  242.  From  what  is  lithia  obtained  t 
What  is  its  metallic  base  ? 

P.  243.  By  what  means  is  barium  obtained  from  bar3rtaf 
What  is  its  appearance  ? 
What  is  baryta  ? 

How  may  it  be  prepared  from  nitrate  of  baryta  ? 
P.  244.  What  are  some  of  its  properties  ? 
What  compounds  of  baryta  are  found  native  ? 
How  may  baryta  be  distm^uished  from  other  substances  f 
P.  245.  From  what  earth  is  strontium  obtained  ? 
P.  246.  What  is  the  composition  of  strontia? 
Is  its  solution  alkaline  ? 

By  what  peculiarity  may  the  compounds  of  strontia  usually  be  dis^ 
guished  ? 

P.  247.  What  is  the  composition  of  Kme  ? 

From  what  may  lime  of  great  purity  be  prepared  ? 

What  effect  is  produced  upon  lime  by  being  exposed  to  the  air  ? 

In  what  consists  the  process  of  slaking  lime  ? 

What  compound  is  formed  ? 

P.  248.  Is  lime  soluble  in  water? 

Does  the  solution  possess  alkaline  properties  ? 

What  use  is  made  of  lime  ? 

What  is  hydraulic  or  Roman  cement  ? 

P.  249.  Ifow  may  hydraulic  lime  be  formed  from  common  limef 

What  is  said  to  be  the  most  delicate  test  for  lime  ? 

P.  250.  What  is  fluoride  of  calcium  ? 

P.  251.  How  may  magnesium  be  prepared? 

What  is  its  appearance  ? 

What  is  the  composition  of  magnesia  ? 

P.  252.  How  is  magnesia  characterized  ? 

How  is  aluminum  separated  from  chloride  of  aluminum  ? 

P.  253.  Does  it  conduct  electricity  ? 

What  is  the  composition  of  alumina  ? 

How  is  pure  alumina  prepared  ? 

P.  254.  W  hat  are  some  of  its  properties  ? 

How  may  it  be  recognised  ? 

P.  256.  Is  manganese  ever  found  native  ? 

How  may  the  metal  be  obtained  from  the  ozide  ? 

Is  it  fusible  ? 
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P.  257.  Is  the  number  of  compounds  of  this  metal  with  oxygen  well 
settled  ? 

How  may  the  protoxide  be  formed  from  the  other  oxides  f 

What  is  Its  color  when  pure  ? 

P.  258.  How  may  the  sesquioxide  be  formed  artificially  ? 

What  is  the  black  oxide  of  manganese  ? 

What  use  is  made  of  it  in  the  arts  ? 

P.  259.  What  other  oxides  is  the  red  oxide  composed  of? 

What  two  acids  of  maujganese  are  known  ? 

P.  260.  What  is  said  ofthe  abundance  and  usefulness  of  iron  ? 

Is  it  found  native  ? 

What  other  metal  is  usually  combined  with  iron  of  meteoric  origin  ? 

What  is  an  ore  of  iron  ? 

How  many  of  these  are  there  ? 

What  ones  are  chiefly  used  for  the  extraction  of  the  metal  ? 

P.  261.  From  what  ores  is  the  most  of  American  iron  obtained  ? 

What  is  the  process  of  extracting  the  iron  ? 

When  is  sand  and  when  lime  required  for  tne  flux  ? 

Is  it  cast  or  wrought  iron  that  is  thus  obtained  ? 

How  is  it  converted  into  wrought  iron  ? 

p.  262.  What  is  said  to  be  the  best  mode  of  obtaining  iron  in  a  state  of 
purity? 

What  is  its  color  ? 

How  is  it  welded  ? 

What  is  its  density  ? 

P.  263.  What  occasions  the  rusting  of  iron  ? 

Is  it  combustible  ? 

What  color  is  protoxide  of  iron  when  precipitated  from  its  solutions  by  an 
alkaU  or  an  alkaUne  carbonate  ? 

P.  264.  What  is  the  red  hematite  of  mineralogists  ? 

What  use  is  made  of  it  in  the  arts  ? 

What  is  loadstone  ? 

P.  265.  How  many  sulphurets  of  iron  are  there  f 

P.  266.  What  are  some  ofthe  carburets  of  iron  ? 

May  graphite  be  formed  artificially  ? 

Does  It  always  contain  iron  ? 

What  use  is  made  of  it  ? 

What  is  the  point  of  fusion  of  cast  iron  ? 

What  three  varieties  of  it  are  in  use  ? 

P.  267.  May  articles  of  cast  be  changed  to  malleable  iron  without  injury  f 

What  is  steel  ? 

What  is  natural  steel  t 

How  is  iron  changed  into  steel  ? 

P.  268.  How  is  German  steel  manufactured? 

How  is  cast-steel  formed  ? 

What  is  the  method  of  case-hardening  iron  ? 

How  may  steel  be  hardened  ? 

How  are  articles  of  steel  tempered  t 

P.  269.  By  what  name  is  zinc  known  in  commerce  t 

From  what  ores  is  it  obtained  ? 

Does  tliis  process  produce  it  pure  ? 

P.  270.  What  is  the  appearance  of  zinc? 

At  what  temperature  is  it  malleable  ? 

What  is  its  melting  point  ? 

What  is  brass  ? 

What  is  galvanized  iron  t 

How  may  protoxide  of  zinc  be  formed  ? 

P.  271.  What  use  has  been  made  of  it  f 
40* 
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With  what  other  metal  is  cadmium  generally  associated  f. 

P.  272.  What  metal  does  it  much  resemble  f 

Is  it  employed  in  the  arts  f 

Has  tin  been  long  known  f 

From  what  country  is  it  chiefly  obtained  f 

Has  it  been  found  m  the  United  States  ? 

P.  273.  What  two  varieties  of  tin  are  used  in  the  arts  f 

What  other  metal  does  it  resemble  in  color  and  lustre  f 

What  is  its  melting  point  f 

What  is  Brittania  metal  ? 

How  many  oxides  of  tin  are  there  f 

P.  274.  What  is  stannic  acid  f 

Whutiamittyoftinf 

P.  275.  Hou)  is  protochlaride  of  tin  formed  t 

With  what  other  metal  is  cobalt  usually  found  combined  f 

P.  276.  Is  this  metal  capable  of  becoming  magnetic  t 

What  is  smalt  t 

P.  277.  What  peculiarity  is  there  in  writing  done  with  solution  of  chloride 
of  cobalt  ? 

Is  nickel  usually  found  combined  with  iron  of  meteoric  origin  f 

What  is  said  of  its  color,  malleability,  &c.  f 

Is  it  capable  of  becoming  magnetic  ? 

Is  it  fusible  ? 

P.  278.  What  use  is  made  of  it  in  the  arts  f 

How  is  arsenic  obtained  from  its  ores  f 

What  are  some  of  its  properties  ? 

At  what  temperature  is  it  sublimed  f 

What  is  said  of  its  odor  ? 

P.  279.  What  name  is  often  given  to  metallic  arsenic  in  commerce  f. 

What  is  the  white  arsenic  of  commerce  f 

What  two  varieties  of  it  are  known  ? 

P.  280.  What  use  is  sometimes  made  of  it  ? 

What  symptoms  first  appear  after  it  has  been  tiken  ? 
•  What  substance  is  said  to  be  a  good  remedy  for  it  ? 

P.  281.  What  is  the  first  test  for  arsenic  that  is  described  f 

What  is  the  second  test  ? 

P.  282.   How  does  hydrosulphuric  acid  indicate  the  presence  of  arsenic? 

What  is  said  to  be  the  most  decisive  test  ? 

What  is  the  proper  method  for  obtaining  the  metal  ? 

P.  283.  What  is  Marsh's  test  ? 

Do  any  other  metals  give  the  same  indications  ? 

How  may  they  be  distinguished  from  arsenic  ? 

P.  284.  Is  it  necessary  in  using  this  test  to  be  particularly  careful  to  have 
the  materials  pure  ? 

What  use  is  made  of  arsenious  acid  in  the  arts  ? 

P.  285.   What  is  the  composition  of  arsenic  acidf 

How  is  arseniuretted  hydrogen  prepared  ? 

What  two  sulphurets  of  arsenic  are  there  ? 

P.  286.  In  what  minerals  is  chromium  found  ? 

From  what  circumstance  has  it  derived  its  name  ? 
'    What  is  the  appearance  of  the  metal  ? 

P.  289.  Is  antimony  ever  found  native  ? 

What  is  regulus  of  antimony  t 

How  may  the  metal  be  obtained  from  its  sulphuret  ? 

What  are  its  color  and  texture  ? 

Does  it  readil)^  oxydize  in  the  open  air  ? 

P.  290.  Is  antimony  used  in  the  arts  ? 

P.  292.  What  is  the  appearance  of  bismuth  ? 
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At  what  temperature  does  it  fuse  ? 

P.  294.  From  what  ore  is  most  of  the  copper  of  commerce  derived  ? 

How  is  it  distinguished  from  all  other  metals  except  titanium  ? 

What  is  its  specific  gravity  ? 

Is  it  oxydized  in  a  dry  atmosphere  ? 

P.  295.  Of  what  is  German  silver  composed? 

P.  296.  What  is  the  composition  of  dinoxide  of  copper  ? 

P.  297.  What  ore  of  lead  is  used  exclusively  in  extracting  the  lead  of 
commerce  ? 

What  other  metal  is  usually  associated  with  it  ? 

P.  298.  What  is  the  color  of  lead  ? 

Is  it  acted  on  by  pure  water  ? 

What  is  said  of  the  protecting  influence  of  some  salts  ? 

P.  299.  What  is  the  design  of  a  solder  t 

Of  what  is  fine  solder  composed? 

Of  what  are  printers'  types  composed  ? 

P.  300.  What  is  litharge  t 

What  use  is  made  of  it  ? 

P.  301.  From  what  countries  is  mercury  obtained? 

P.  302.  What  is  the  chief  ore  of  mercury  ? 

How  is  this  metal  distinguished  firom  all  others  ? 

At  what  temperature  does  it  congeal  ? 

What  is  its  density  ? 

What  are  the  only  acids  that  act  upon  it  ? 

For  what  purposes  is  it  used  in  the  arts  ? 

P.  303.  What  is  an  amalgam  ? 

P.  304.  What  is  the  common  name  for  peroxide  of  mercury  ? 

What  is  the  composition  of  calomel  f 

p.  305.  What  use  is  made  of  it  ? 

What  is  the  common  name  for  the  bichloride  ? 

P.  306.  What  are  its  effects  when  taken  into  the  stomach  ? 

What  substance  serves  as  a  remedy  by  forming  with  it  an  insoluble  com- 
pound ? 

P.  307.  How  may  calomel  and  corrosive  sublimate  be  distinguished  from 
each  other  ? 

What  is  the  composition  of  cinnabar  t 

To  what  use  is  it  appHed  t 

P.  308.  Is  silver  found  native  ? 

What  is  said  of  the  color  of  silver  ? 

P.  309.  Does  it  rust  by  exposure  to  the  air? 

What  acids  dissolve  it  ? 

What  occasions  the  tarnish,  seen  upon  articles  of  silver  which  are  in  con- 
stant use  ? 

P.  311.  Was  ^old  known  to  the  ancients? 

In  what  state  is  it  always  found  ? 

What  countries  produce  it  most  abundantly  ? 

By  what  process  is  it  usually  separated  from  its  ores  ? 

P.  312.  What  is  its  color? 

What  is  said  of  its  malleability  ? 

What  is  its  specific  gravity  ? 

How  is  the  purity  of  gold  and  silver  estimated  ? 

What  is  the  fineness  of  standard  gold  ? 

Is  it  oxydized  by  exposure  to  the  air  ? 

What  substance  dissolves  it  ? 

P.  313.  What  effect  has  the  presence  of  other  metals  upon  its  malleability  f 

What  metal  is  usuallv  found  combined  with  native  gold  ? 

P.  315.  How  may  sulphuric  ether  be  made  to  dissolve  gold? 

How  is  purple  of  Cassiut  formed  ? 
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p.  316.  When  was  platinum  discovered  f 
What  other  metals  are  usually  in  corabinatioD  with  it  ? 
What  is  its  specific  gravity  ? 
Is  it  affected  bv  exposure  to  air  or  moisture ! 
p.  317.  For  what  purposes  is  it  used  in  the  arts! 
P.  320.  Do  acids  and  alkalies  unite  with  elementary  substances! 
What  is  said  of  the  electrical  energies  of  acids  and  alkalies ! 
What  substances  are  now  considered  acids ! 
What  is  a  base ! 

P.  321.  What  two  classes  of  salts  were  early  recognized  f 
What  is  a  sulphur  salt  t 
What  are  sulphur  acids  and  sulphur  bases  t 
What  are  the  haloid  salts? 
What  are  the  four  orders  of  salts  ? 
P.  322.  Can  the  number  of  salts  be  determined? 
What  is  the  state  of  most  of  the  salts  at  common  temperatures  ? 
<When  is  a  salt  said  to  be  deliquescent  t 
Are  all  the  salts  soluble  in  water? 

P.  323.  What  is  meant  by  the  water  of  crystalitation  often  contained  in 
•alts? 

P.  326.  How  will  the  salts  be  classified  for  further  description  ? 

P.  327.  How  may  a  sulphate  in  solution  always  be  detected  ? 

What  sulphates  are  found  abundantly  in  nature  ? 

P.  329.  What  is  the  common  name  for  sulphate  of  soda? 

What  use  is  made  of  it  ? 

P.  320.  What  are  some  of  the  names  applied  to  sulphate  of  lime? 

How  is  it  prepared  for  use  in  stucco  work  ? 

P.  331.  what  is  Epsom  salt  composed  of? 

Why  is  it  called  by  this  name  ? 

What  are  green  vitriolj  blue  vitriol,  and  tohite  vitriol  t 

P.  332.  What  is  the  composition  of  alum  f 

P.  333.  What  different  alums  are  there  ? 

How  may  the  nitrates  be  prepared  ? 

P.  334.  How  are  they  affected  by  heat  ? 

What  is  the  common  name  of  nitrate  of  potassa  ? 

How  is  this  salt  formed  in  this  country  ? 

P.  325.  What  is  the  explanation  of  the  action  of  gunpowder  when  ignited  ? 

P.  336.  What  is  the  common  name  for  nitrate  of  silver? 

P.  337.  What  use  is  sometimes  made  of  it  ? 

What  color  is  produced  hy  it  upon  organic  matter  by  the  action  of  light  ? 

How  are  the  chlorates  afltected  by  a  red  heat  ? 

P.  338.  How  is  chlorate  of  potassa  formed  ? 

To  what  use  is  it  applied  ? 

What  is  the  composition  of  common  bleaching  salt  t 

P.  339.  For  what  purpose  is  it  used  in  the  arts  and  in  medicine  ? 

What  acid  enters  into  the  composition  of  the  phosphates  ? 

What  three  tribasic  phosphates  of  soda  and  water  are  there  ? 

P.  342.  For  what  are  the  salts  of  chromic  acid  distinguished? 

How  is  chromate  of  potassa  formed  ? 

What  use  is  made  ot  bichromate  of  potassa  ? 

P.  343.  What  is  chrome  yellow  ? 

How  are  the  borates  known  ? 

What  is  the  common  name  for  biborate  of  soda  ? 

What  is  it  used  for  ? 

P.  344.  How  may  the  carbonates  be  known  ? 

P.  345.  From  what  is  the  potash  of  commerce  obtained  f 

What  lajtearlash  ? 

P.  346.  What  is  the  composuion  of  sdl-cBratus  ? 
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How  is  the  carbonate  of  soda  procured  ? 

P.  347.  What  use  is  made  of  bicarbonate  of  soda? 

What  is  the  sal-volatile  of  commerce  ? 

P.  349.  What  compounds  only  are  included  in  the  order  of  hydro-salts  ? 

What  is  the  composition  of  sal  ammoniac  ? 

P.  350.  What  compounds  are  included  in  the  order  of  sulphur  salts  ? 

P.  351.  What  is  hydrosulphuret  of  potassium  composed  of? 

P.  352.   What  compounds  are  included  in  the  order  of  haloid  salts  t 


PART  III. 

ORGANIC     CHEMISTRY. 

P.  354.  What  does  the  department  of  Organic  Chemistry  comprehend  I 

What  are  the  usual  elements  of  organic  matter  f 

What  is  said  of  the  number  of  simple  atoms  they  usually  contain  % 

Do  the  elements  of  organic  bodies  combine  with,  each  other  in  definite 
proportions  ? 

P.  355.  Why  are  organic  bodies,  when  life  has  become  eztinct,  prone  to 
spontaneous  decomposition  ? 

May  organic  compounds  be  imitated  by  art  ? 

P.  356.  What  is  a  compound  radical? 

P.  359.  What  three  elementary  principles  enter  into  the  compositipi)  of 
vegetable  bodies  ? 

What  are  meant  by  pro2(imate  and  ultimate  principles-t 

What  are  vegetable  acids  ? 

What  is  meant  by  a  poly  basic  acid  ? 

P.  360.  In  what  vegetable  is  oxalic  acid  found  ready  formed  f 

P.  361.  How  is  this  acid  formed  artificially  f 

May  it  be  formed  from  other  substances  besides  sugar  7 

What  are  its  efiects  when  taken  into  the  stomach  ? 

For  what  salt  used  in  medicine  has  it  sometimes  been  mbtaken  ? 

What  substance  should  be  taken,  as  a  remedy  when  it  has  been  accident* 
ally  swallowed  ? 

r .  362.  Is  acetic  acid  found  ready  formed  in  some  plants  7 

P.  363.  What  is  common  vinegar  ? 

What  substances  may  be  made  to  produce  acetic  acid  f 

How  may  the  concentrated  acid  be  best  procured  ? 

P.  364.  What  are  some  of  its  properties? 

What  is  common  sugar  of  lead  t 

P.  365.  What  is  the  composition  of  verdigris? 

How  is  it  prepared  ? 

P.  366.  From  what  is  benzoic  acid  procured? 

P.  367.  What  plants  contain  malic  acid? 

What  fruits  contain  citric  acid  ? 

What  use  is  made  of  it  ? 

P.  368.  In  what  is  tartaric  acid  found  ? 

From  what  is  the  tartaric  acid  of  commerce  obtained? 

What  is  cream  of  tartar  ? 

P.  369.  In  what  is  gallic  acid  found  ? 

From  what  is  it  usually  prepared  ? 

P.  370.  What  other  acid  accompanies  the  gallic  in  nut-galls? 

In  what  plants  is  tannic  acid  found  ? 

What  effect  does  it  produce  upon  gelatine  ? 

P.  372.  What  is  a  vegetable  alkah  ? 

Do  they  ever  exist  in  an  insulated  state  ia  pUnta  t 
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What  are  some  of  these  alkalies  f 
With  what  acids  is  morphia  combined  in  opium  f 
What  are  some  of  its  oroperties  when  pure  ? 
P.  373.  What  salts  oi  morphia  are  mentioned  f 

What  two  vegetable  alkaUes  are  usually  found  associated  in  the  different 
Tarieties  of  Peruvian  bark  f 

P.  374.  What  is  the  proper  solvent  for  cinchonia  1 

Are  its  alkaline  properties  well  marked  f 

What  name  is  often  applied  to  sulphate  of  quinia  f 

P.  375.  What  is  the  composition  of  cyanogen  ff 

What  is  its  state  at  ordinary  temperatures  ? 

P.  376.  How  may  cjranic  acid  be  procured  f 

What  is  its  composition  f 

What  is  the  composition  of  fulminic  acid  ? 

From  what  property  does  this  acid  derive  its  name  f 

P.  377.  What  use  is  made  of  fulminate  of  mercury  f 

Does  cjranuric  acid  differ  in  its  composition  from  the  two  preceding  ? 

From  what  may  hydrocyanic  acid  be  procured  f 

Can  it  be  formed  artificially  f 

What  are  its  effects  upon  animals  f 

P.  378.  What  effects  nave  been  produced  by  a  single  drop  f 

Is  it  used  in  medicine  f 

What  is  the  composition  of  ferrocyanide  of  potassium  ? 

What  is  this  substance  sometimes  called  ? 

P.  379.  What  use  is  made  of  it  in  the  arts  f 

What  is  sesquiferrocjranide  of  iron  composed  off 

By  what  name  is  it  known  in  commerce  f 

P.  380.  In  what  vegetable  productions  is  starch  found  f 

By  what  means  is  it  procured  ? 

Does  it  crystaUze  f 

What  effect  is  produced  upon  it  by  boiling  water  t 

What  is  the  best  test  for  starch  ? 

P.  381.   What  varieties  of  starch  are  mentioned  t 

What  is  its  composition  t 

To  what  is  the  name  gum  applied  ? 

What  are  some  of  the  gums  mentioned  ? 

P.  382.  From  what  vegetables  is  cane  sugar  obtained  f 

How  is  it  prepared  from  cane  juice  ? 

How  is  the  raw  sugar  purified  ? 

P.  383.  Why  is  grape  sugar  so  called  ? 

Under  what  circumstances  is  it  found  in  the  animal  system  ? 

P.  384.  In  what  is  alcohol  found  ? 

Does  it  exist  ready  formed  in  plants  ? 

How  may  it  be  procured  from  ardent  spirits  f 

At  what  temperature  does  it  boil  when  pure  ? 

P.  385.  What  is  said  of  its  affinity  for  water  ? 

What  proportion  of  alcohol  is  contained  in  brandy,  rum,  gin,  &c.  ? 

P.  386.  What  is  meant  by  the  fermentation  of  vegetable  substances  ? 

What  are  the  three  stajges  of  fermentation,  or  the  three  fermentations? 

What  is  the  product  ofthe  saccharine  fermentation  ? 

In  what  does  the  operation  of  malting  consist  ? 

P.  387.  What  are  the  products  ofthe  vinous  fermentation? 

What  are  the  conditions  necessary  to  produce  this  fermentation  ? 

Is  sugar  the  only  substance  capable  of  fermenting  ? 

P.  388.  From  what  is  beer  manufactured  ? 

What  is  produced  during  the  acetic  fermentation  ? 

Is  atmospheric  air  necessary  to  produce  this  fermentation  ? 

P.  389.  How  are  the  ethers  produced  ? 

How  is  sulphuric  ether  formed  ? 
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P.  390.  What  are  some  of  its  properties  ? 
P.  391.  How  is  hydrochloric  ether  prepared  ? 
How  is  hyponitrous  ether  formed  ? 
p.  392.  What  is  its  composition  ? 
What  is  it  sometimes  called  ? 
P.  395.  How  are  oils  characterized  ? 
How  are  they  divided  ? 

In  what  parts  of  plants  are  the  fixed  oils  usually  con||dned  ? 
Are  they  generally  liquid  or  solid  ? 
What  three  principles  are  they  generally  composed  of? 
What  are  siccative  or  drying  oils  ? 
P.  396.  Why  is  Utharge  sometimes  mixed  with  paints  ? 
Do  the  fixed  oils  combine  with  water  ? 
What  is  soap  t 

What  three  varieties  of  soap  are  there  in  commerce  ? 
P.  397.  Why  are  the  volatile  oils  so  called  ? 
What  occasions  the  odor  of  aromatic  plants  ? 
How  may  any  adulteration  of  them  with  a  fixed  oil  be  detected  f 
From  what  is  oil  of  turpentine  procured  ? 
What  is  its  composition  when  pure  ? 
P.  398.  How  is  artificial  camphor  formed  ? 
How  is  the  oil  of  bitter  almonds  procured  ? 
From  what  is  camphor  obtained  ? 

May  a  similar  substance  be  obtained  from  other  substances? 
What  are  the  resins  ? 

In  what  liquids  are  they  in  general  soluble  ? 
P.  399.  What  use  is  made  of  them  ? 
What  are  some  of  the  more  important  resins  ? 
From  what  is  common  rosin  obtained  ? 
Where  is  amber  found  ? 
P.  400.  What  is  wax? 
From  what  is  naphtha  procured  ? 
P.  401.  In  what  substance  does  creosote  exist? 
What  are  some  of  its  properties  ? 
Is  it  soluble  in  water  ? 

Into  what  two  varieties  may  coal  be  divided  ? 
How  is  bituminous  coal  distinguished  ? 
P.  402.  Whatiscoite? 

Where  in  the  United  States  is  anthracite  found  in  great  abundance  f 
What  substances  are  used  in  the  preparation  of  illuminating  gas  ? 
How  is  coal  gas  formed  ? 
Is  the  quality  of  the  gas  always  the  same  ? 
Is  this  gas  sometimes  found  issuing  from  the  earth  ? 
P.  402.  What  is  said  of  the  care  required  in  preparing  oil  gas  ? 
Why  does  coal  gas  require  to  be  cleansed  before  use  ? 
Do  we  find  great  diversitv  in  the  colors  of  vegetable  substances  ? 
Is  coloring  matter  often  found  in  a  separate  state  ? 
How  are  coloring  matters  called  lakes  usually  formed  ? 
What  is  the  use  of  a  mordant  ? 
P.  404.  What  are  substantive  and  adjective  colors  ? 
What  substance  is  used  for  coloring  olue  ? 
P.  405.  What  is  meant  by  germination  ? 
What  are  the  conditions  necessary  to  healthy  germination  ? 
P.  406.  Do  important  chemical  changes  take  place  in  the  germination  of 
seeds  ? 
From  what  source  do  plants  derive  their  carbon  ? 
Is  light  necessary  for  the  propeV  growth  of  plants  ? 
P.  407.  Does  nitrogen  serve  an  important  purpose  in  plants  ? 
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Do  pIinM  prol>»bly  darivn  nilriwBn  frirai  Ihe  atmoephere  ( 
Am  inorasnir  BululatiMs  found  in  phnia  I 

P.  iOH,  Oa  planii  Bhow  a  aiapaaiuan  lo  abiorb  Mme  salts  uid  te 
oihfn  I 
In  *h»' 

Whju — 

promoling  iho  arowlh  of  wheal  I 

Whmt  IB  cht  d^iign  of  manures  . 

\1  poo  vhat  is  the  great  sd  vaniigs  of  organic  manures  supposed  lodepmilfl 

P.  40!>.  In  whsT  psrti  1^ plants  IS  ni'roven  chiefly  10  be  toiuidr 

Whni  are  ihe  chief  elements  of  vunial  substances  I 

P.  410.  Wbal  change  immedialGly  lakes  place  in  ammal  snlwlimca  tt I 
dealh  I  ■ 

Where  is  fibrin  found  t 

Into  what  pans  of  the  animal  does  albumen  enter  f 

From  what  is  Uquid  albumen  best  procured  T 

P,  411.  What  effect  ia  produced  upon  ii  by  healt 

In  what  pans  of  (he  body  ia  (jelaline  found  t 

P.  412.  What  well-known  atiicle  of  commerce  ia  prepared  fr 

What  are  bonea  chiefly  comjiof^d  oft 

What  eiToci  is  produoed  iirion  bones  by  heaiine  them  m  Ihe  open  sir! 

P.  413.  What  are  the  leeih  ooraposi^d  off 

What  HubstancB  forms  the  chief  nan  of  ihe  Icndoos  f 

P.  414.  Are  the  animal  oils  and  fata  annlngous  in  their  composilion  to 
those  of  vegetables  I 

P.  4  IS.  How  is  ihc  blood  diBlinguished  from  other  animal  Buiibr 

Wha:  IS  its  specific  eraviiy  ! 

P.  416.  What  change  takes  place  in  il  when  Rtat  drawn  from  the  «!t'*iBl 

What  is  the  coloring  principle  of  the  blood  t 

F.  417.  Is  iron  an  essential  piincinla  of  humnloaine  1 

In  what  does  Ihe  cosgulslion  of  blood  consist  I 

Is  ihe  prodoes  influenced  by  ihe  air  or  by  oiher  substaticea  T  1 

P.  418.  M«y  ihfi  blood  be  disrsaed  ?  I 

What  difference  is  observed  in  the  color  of  [he  blood  in  the  veins  mo 
arleriesl 

How  is  the  change  from  the  venous  io  the  arterial  slate  effected  1 

P.  419.  Is  the  coloring  mailer  of  the  blood  particularly  concerned  in  llx 

Wliai  gas  is  absorbed  by  the  air  in  the  iungs,  and  what  gas  is  given  offt 

Is  it  known  where  the  carbonic  acid  gas  is  formed  ? 

Does  ihc  arterializaiion  of  the  blood  depend  entirely  on  the  influence  of 

P.  490.  May  the  same  changes  be  produced  upon  blood  after  it  is  dtswa 

P,  431,  Does  nitrogen  serve  any  important  purpose  in  respiration  f 

Is  there  a  close  connection  between  the  funciionsof  respiraiion  and  tb«  ' 
development  of  animal  heal  T 

P.  422.  When  the  blood  circulates  sluggishly,  is  the  sums  quantity  of 
oxvgen  required  as  at  other  limes  I 

By  what  substances  are  the  phenomena  of  digestion  produced  1 

By  what  organs  is  the  saliva  secreted  I 

P.  433.  What  is  the  use  of  the  saliva  J 

Where  is  the  gastric  juice  secreted  f 

What  ia  said  of  llie  solvent  power  of  this  liqnid  ? 

THE   END.  . 
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